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‘TUBEWRIGHTS’ WELDED STEELWORK 


Bt he 


i 
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The ‘Usk’ Bridge 


This ‘ Tubewrights’ bridge offers a very economical 
solution to the problem of road safety over congested 
bridges. 
The footpaths of the existing bridge can be abandoned, 
to provide extra width for vehicles, and be transferred 
to a ‘ Tubewrights’ pre-fabricated foot-bridge, with 
greater safety for all concerned, and at far less cost 
than any alternative expedient. 
These bridges meet the requirements of the Ministry 
of Transport’s memorandum 557, and are available 
Se ta than the in various lengths and widths. They are expressly 
Usk’, is also made in standard spans. suitable for the purpose, free from awkward corners, 
and cost very little to maintain: they are light, easy to 
transport and erect, and need only simple foundations. 


Our engineers are ready to advise where tubular steel- 
work can be used to advantage and to assist in its design. 


TUBEWRIGHTS LTD. 


25 BUCKINGHAM GATE, LONDON, S.W.1. 
Telephone: Victoria 0451 


SALES OFFICE AND WORKS AT NEWPORT. 


A subsidiary of Stewarts and Lloyds Ltd. 
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The lower illustration shows a Coal Handling Plant recently 
installed at Portsmouth and consists of Electrically Oper- 
ated Jib Cranes, Travelling Hoppers and Conveyors. The 
output from this plant is 200 tons per hour at break of ship. 


HIS Lever Level Lufhing Crane 
was introduced by Babcock & 
Wilcox Ltd. many years ago and 
still holds the field for high speed, 
low power consumption and safety 


in operation. 


The one shown above lifts 10 tons 
at 65 ft. radius and ¢ tons at 13¢ ft. 
radius and is installed at the Yard of 


the Burntisland Shipbuilding Co. Ltd. 


BABCOCKs WILCOX LTD “mons 





TRANSACTIONS OF THE INSTITUTE OF WELDING June, 1950 


Wilieavick Welding Equipment 


ATOMIC HYDROGEN WELDING... 


Metrovick Atomic 


Hydrogen Equip- 
aaa Tier haed ; also 

welding. A _ larger 

set is employed for BUTT WELDERS 
automatic welding. 


g SPOT WELDERS 
as PROJECTION WELDERS 
ARC WELDING MACHINES 
FLASH BUTT WELDERS 
SEAM WELDERS 


and Arc Welding Electrodes 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD, 


TRAFFORD PARK, MANCHESTER 17 
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ENGLISH ELECTRIC 
IGNITRONS 
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PRECISION 
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HEAVY 
CURRENT A.C. 


SIZE A : eae 
Type AR3I Typical applications 


SPOT, SEAM ano PROJECTION 
RESISTANCE WELDING EQUIPMENT 


ENERGY STORAGE on STRAIGHT 
A.C. WELDING EQUIPMENT 
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New fixing technique speeds 
work on U.N.O. skyscraper. . . 


The vast new U.N.O. Secretariat building in New York is 
designed with windows from floor to ceiling over the whole of 
the froni and rear. This is why the fixing of the aluminium 
window frames presented a major construction problem. It 
was solved by Nelson stud welding—each frame was secured 
to steel inserts in the concrete floor blocks by Nelson studs 
welded on site. In this way 50,000 anchorages were made in 
record time and record low cost. Nelson stud welding is a 
proved time saver wherever fixings have to be made to steel 
surfaces. It has applications wherever you turn in building 
construction, from the joining of main structural members to 
the attachment of the smallest bracket. 


5 points about Nelson Stud Welding 


@ !4 times faster than drilling and tapping. 


& Easy to operate—just load the gun, place in position, press trigger 
and another stud is perfectly welded. 


No perforation of parent metal—you can weld Nelson studs on gas- 
tight or oil-tight vessels with complete confidence. 


Nelson studs are designed to ensure a good weld every time. They 
are end-loaded with flux and sealed over. 


Equipment comprises Nelson Gun, Automatic Timer and D.C. Welding 
Generator. 


Send for full facts today 


NELSON 


STUD WELDING SERVICE 


CROMPTON PARKINSON LIMITED, CROMPTON HOUSE, ALDWYCH, LONDON, W.C.2 
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SHEET METAL 
MACHINERY 


WARDS hold a wide range of new and reconditioned sheet 
metal working machines at their various machinery showrooms 
about the country. Here are a few representative examples:— 


BENDING MACHINES 


“FROST” —®’ x 1/4” power Folding Machine, 
swing beam, motorised. 

“FROST” —6’ x 1/8” power Folding Machine, 
swing beam, motorised. 

“KENNEDY”—2A Bar Benders, 14” 
capacity. 

NEW—Bending and Folding Machines, 
hand operated 2’ to 6’. 14 gauge to 16 
gauge capacity. 

NEW Bending Rolls, hand operated, 3’ to 4’ 


x16 gauge and 18 gauge capacity. Slip 
Roll type. 


SHEARING MACHINES 


“BURFREE”’—Model 2A Nibbler, capacity 
5/16” M.S. plate, 18” throat, motorised. 
“OLIVER"—type 321, 12 gauge capacity 
Rotary Shearing Machine, 42” throat, 

motorised. 

“FRANCIS BERRY”—double ended plate 
Shearing Machine, approximately 3/4” 
capacity, crop angles, 4” x4”, motorised. 

NEW —Guillotine Shearing Machine, 2’, 3’, 
and 4x18 gauge capacity. Treadle 
operated. 


POWER PRESSES 


“BLISS”"—Model 154G double sided, Power 
Press, bed 82” « 46”, stroke 15”, motorised. 

NEW —12 ton End Wheel Press, stroke | /2” 
—2\”, motorised. 

“BRETT"—Double Ended Trimming Press, 
175 tons capacity, belt driven. 

NEW—20 ton Open Fronted, Inclinable 2” 
stroke, motorised. 

NEW—40 ton Open Fronted Inciinable, 
Stroke 2”, motorised. , 

NEW—25/30 ton Geared, Open Fronted, 
Inclinable, Stroke 4", motorised. 


VARIOUS 


“FROST” —42” reach, Wheeling and Raising 
Machine, with three bottom rollers. 

NEW—Hacksawing Machines, 6” capacity, 
motorised 400/440 volts, 3-phase, 
cycles supply. 

NEW—Beading and Swaging Machines, 
hand operated 16 gauge and 19 gauge 
capacity. 

NEW—Polishing Machines, 12” mops, 4 H.P. 
at 2850 r.p.m. Totally enclosed with 
Self-Contained Dust Extraction. 

“STEVENS AND BULLIVANT” Rotary 
Swaging Machine, |/2” bar cap; motorised. 


Whenever you require plant or machinery it is worth bearing in mind 
that WARDS might have just what you need in stock, available for 


immediate delivery. 


THO: W.WARD LID 


ALBION W 


NDON 


Should you have any redundant sheet metal machinery it 
is again worth remembering that WARDS might have it ! 
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the OK ORGANISATION, have a wholesome 
itiative and enthusiasm which we like to think are displayed at every level in our Organisation are products. 


‘ould be poor substitutes for experience! 
Progress and efficiency in the welding industry could not be maintained without a full knowledge of the various. 


ca 
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NO SUBSTITUTE 





respect for “‘inspiration and perspiration.”’ 


problems which confront welding engineers every day. 


The OK ORGANISATION, because of its ability to pool the e i 


xperience obtained from its factories throughout 


ue position of being able to utilise WITHOUT DELAY technical improvements and developments. 

possible field . . . all of which is reflected in the quality and range of OK Electrodes available. 

Kjellberg introduced the first coated electrode in Sweden, about 1900, the OK ORGANISATION 

in arc welding, and the experience gained is gladly placed at the disposal of those who find them- 
selection or of application. 
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INSTITUTE NOTES AND NEWS 


Working Reserve and Premises.—An encouragingly large number 
of members who had not promised a contribution have been 
generous enough to include one with their annual membership 
subscription, so that the fund has shown a welcome spurt during 
the past month or so. 


Meantime, by a curious coincidence, the Institute has been 
offered the opportunity of purchasing the lease of its present 
headquarters premises. This would give security of tenure until 
1980, whereas the present lease will expire in nine years’ time. 
It would also make possible a welcome saving in annual rent. 


The proposal has still to be considered by the Council, but 
whatever their decision may be, it remains true that little more 
than six months ago, before the appeal for a working reserve fund 
was launched, the offer of the lease could not even have been 
entertained. 


The Branch Officers assembled at Birmingham for the annual 
conference were told of this offer, which they felt was an excellent 
and concrete example of the purposes for which a working reserve 
was needed. Before they separated they agreed unanimously to 
urge their Committees to give all support possible to the fund, so 
that the objective of £20,000 may be reached in the next year or two. 


Annual General Meeting.—The Annual General Meeting of 
the Institute will be held at the Institution of Civil Engineers on 
Wednesday, 12 July next, at 2.30 p.m. The annual report of the 
Council for the year 1949-50 will be circulated with the Agenda 
for the meeting on Monday, 19 June. 


School of Welded Bridgework.—The Programme and Journal 
Committee have recommended the Council to abandon the 


proposed School of Welded Bridgework because the response 
from highway authorities is felt to be inadequate. Circulars were 
addressed to all county and borough surveyors in March, inviting 
them to intimate whether any members of their staff would be sent 
to the School; the number of promises has been disappointingly 
low. Nevertheless, in order to maintain and, if possible, increase 
the interest in welding among highway engineers, it is planned 
to hold one of the ordinary meetings during the Public Works 
Exhibition next November, when many municipal engineers will 
be in London, and it is hoped at this meeting to show an important 
Swedish film on bridge welding and to introduce a distinguished 
Spanish bridge designer to describe welded bridges in his country. 


Plymouth Section.—The Plymouth Section, which served the 
whole of the counties of Devon and Cornwall, has been compelled 
to close down. Founded three years ago, the Section had had an 
uphill struggle, with a small membership scattered over a great 
area, so that attendance at meetings, in spite of every effort on 
the part of the honorary Officers and Committee, remained 
embarrassingly low. The Council have recorded their thanks to 
the Section Committee, and in particular to the Chairman, 
Mr. R. J. Ball, the Honorary Secretary, Mr. N. H. Turner and the 
Honorary Treasurer, Mr. L. R. Preston, the last of whom has 
undertaken to act as local representative of the Institute in the 
Plymouth area. Arrangements are being made for two meetings 
to be held there during the coming session, so that local members 
may not lose all the facilities which they have enjoyed. 


International Welding Congress.—The Executive Committee, 
representing the five British member societies of the International 
Institute of Welding, has made further progress with the planning 


FRONT COVER ILLUSTRATION.—The Argonarc Process has proved the most effective and efficient method of fabricating 
a wide range of aluminium products. The shape of things to come is well illustrated by a prototype aluminium lifeboat being 
fabricated by Argonarc welding for experimental purposes. Argon is an inert gas present in air in small quantities. Extracted, 
compressed into steel cylinders and passed at low pressure through the Argonarc torch, it acts as a shroud to protect the weld 
from contamination by atmospheric oxygen and nitrogen. Welds in light metal alloys of aluminium and magnesium may be 
made by this process with no fear of corrosive after-effects as no flux is used. Excellent welds are also obtained on stainless steel 
sheets—with little or no distortion, since the source of heat, a tungsten arc, is small and concentrated. Thus electrode wastage 


is reduced to a minimum. 


THE BRITISH OXYGEN COMPANY LTD., LONDON AND BRANCHES 
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of the International Welding Congress to be held in this country 
next July. Three Oxford colleges, Christ Church, Oriel and 
Somerville, have been booked for the week 15-21 July, 1951, 
providing accommodation for between 400 and 500 persons. 
It is hoped to issue a preliminary announcement, inviting registra- 
tion, during the summer. 


The guarantee fund for the administrative expenses of the 
Congress, for which the President of the Institute is appealing 
on behalf of the Executive Committee, now stands at a little 
over £3,000. The total sum required is £5,000. 


Productivity Teams.—The Institute was represented by the 
Vice-President, Mr. Milne, at a meeting called by the Anglo- 
American Council on Productivity to consider the composition 
of two teams of welding specialists to be sent to the United States 
of America next Autumn. 


1.A.B.S.E.—In 1952 a meeting of the International Association 
of Bridge and Structural Engineers is to be held in Great Britain. 
The Secretary of the Institute has been appointed to represent the 
Institute on the Organising Committee for the congress. 


Reading of Papers.—Members of the Institute who would be 
prepared to read papers at meetings of the Institute or of its 
Branches are invited to forward the papers (or descriptive sum- 
maries) for consideration by the Programme and Journal Com- 
mittee. Papers submitted in response to this invitation should 
reach the Secretary of the Institute not later than Monday, 17 July 
next. 


Handbook for Welded Structural Steelwork.—A revised reprint 
of the Handbook for Welded Structural Steelwork, which has been 
in the press for nearly two years, is at last available, price 10s. per 
copy, post free. The book incorporates a number of important 
corrections to the formulae on pages 111-118 of the fourth edition, 
but is otherwise identical with that edition. It is intended to circulate 
the corrections to the purchasers of the fourth edition. 


Reprints.—Reprints of the following papers published in 
Transactions are available at the prices named:— 


R. G. Braithwaite and D. J. Davies, Welding in Bridgework 
and Allied Structures. Paper, illustrations and discussion reprinted 
from the December and February issues. Price 2s. 6d. 


R. Weck, An Account of M. Henri M. Schnadt’s Ideas on the 
Strength of Materials and his Testing Methods. Reprinted from the 
April issue. Price 2s. 


Research .—With this issue of Transactions is included 
Volume 4, No. 3, of Welding Research, containing the following 
reports of the British Welding Research Association:— 


Recommendations for the Metal Arc Welding of Butt Welds in 
Steel Pipelines for Power Plant. 


The A.C. Argon Arc Process for Welding Aluminium. The 
Qscillographic Analysis of the Application of a Commercial 
High-Frequency Spark Injector Unit by L. H. Orton, J. C. 
Needham and J. H. Cole. : 


Binding of Transactions.—The Index to Volume 12 of the 
Transactions for the year 1949 was printed in the February 1950 
issue. Arrangements have been made for the binding of members’ 
volumes of Transactions in black embossed leather-cloth at a cost 
of 10s. 6d. each, plus ts. for postage and packing. Members 
wishing to take advantage of this arrangement should forward 
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parts, with index, to Mansell (Bookbinders) Ltd., 31, Cursitor 
Street, Chancery Lane, London, E.C.4. 


Examination Regulations.—Copies of the following document 
are available gratis to members on application to the Secretary 
of the Institute:—“‘Examination Regulations and Syllabuses.” 


Thank You for the Food.—-The Swedes have a pleasant custom 
of saying “Thank you for the food” at the end of a meal. The 
Lord Mayor of London has provided a national opportunity to 
say thank you for the food parcels to the United States and the 
British Dominions, and it has been suggested that members of the 
Institute, who have received food parcels from the New Zealand 
Institute of Welding and from Mr. G. H. Willson in South Africa 
may like to be reminded of the opportunity available to them. The 
thing is very easily done as any post office in the country will 
accept contributions of any amount for the Lord Mayor’s Thanks- 
giving Fund. 


Metallurgical Congress at Florence.—The fourth annual Congress 
of the Associazione Italiana di Metallurgia is to be held at Florence 
from 28 September to 1 October next. Papers to be discussed will 
fall under the headings “Pure Metals” and “Metallurgical and 
Engineering Aspects of Machining with Removal of Cuttings.” 
The third day will be devoted to the discussion of papers on 
miscellaneous subjects. The closing date for adhesion of the 
submission of abstracts of papers for presentation is 15 August 
next. Further particulars may be had from the Secretary, 
Associazione Italiana di Metallurgia, Via San Paolo 10, Milan. 


EARLY WELDING COURSES 
Mr. A. George Walker writes to us as follows:— 


“Looking through the current issue of Transactions, on page 
five, paragraph four, Mr. G. G. Musted mentioned, during his 
lecture entitled “New Welders for Old,” that Liverpool City 
Technical College began a welding course in 1926, under the 
direction of the late Mr. E. A. Atkins. 


“I would like to give further details of welding classes which 
were formed before that date. 


“My certificate is dated 1917, after two years as a student under 
Mr. Atkins. The two instructors were Mr. H. Drury and Mr. Terry. 
During the first world war a special class for lady welders was 
carried out and a Miss Emerson was the instructor, the subject 
being Aluminium Welding. From about 1915 to 1941 I was student, 
instructor and then lecturer. Mr. Atkins must, therefore, have 
started the welding evening classes somewhere about 1914. The 
first edition of Electric Arc and Acetylene Welding by Atkins 
and Walker was 1923. 


“Tt also had the pleasure of aiding in the formation of welding 
classes at St. Helens College, Bolton College and York College. I 


also visited many other colleges during my travels around the 
country advocating welding classes.” 


CORRECTION 


We regret that in the February issue the price of the Welding 
Dictionary published by the Louis Cassier Co. Ltd. was incorrectly 
given. The price is 21s. 
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SPRING MEETING 


SPRING MEETING 


The Spring meeting of the Institute, held this year at Birmingham 
and Wolverhampton, was outstandingly successful in every respect 
except the weather and the attendance. The rigours of spring 
brought snow on the opening day and the attendance rarely 
exceeded 100 at any of the functions, but those who were able 
to take part had a very enjoyable as well as an instructive time in 
the Midlands. 


The whole of the Tuesday morning and afternoon was given 
up to the annual conference of Branch Officers, many of whom, 
arriving on the previous day, had been welcomed by the Chairman 
of the Birmingham Branch and Mrs. Weddell at a party in their 
home. Only three of the Branches were unrepresented, and the 
discussion, presided over in the morning by the Chairman of the 
Birmingham Branch, and in the afternoon by Mr. Colin Spencer, 
Chairman of the Wolverhampton Branch, afforded as usual a 
valued opportunity of exchanging views and experience among 
Branch Officers and between them and the headquarters organisa- 
tion. The Vice-President, Mr. Milne, the Honorary Treasurer, 
Mr. Harriss, and the Chairman of the Welding Design Handbook 
Sub-Committee, Dr. Paterson, were all present to deal with 
questions and comments on matters with which they are specially 
concerned. In the evening, when members were arriving for the 
remainder of the meeting, the Lord Mayor and Corporation of 
the City gave a reception at the City Hall, which was a delightful 
mixture of dancing, music and mystification and formed an 
admirable refreshment before the technical business of the 
following days. 


The Wednesday morning was occupied with the presentation and 
discussion of two papers in the Grand Hotel, Birmingham. First, 
Mr. W. G. Clewlow’s paper on “Electrically Welded Tubing, 
its Manufacture, Properties and Applications,” and secondly the 
Sir William Larke Medal paper of 1949 by Mr, R. G. Braithwaite, 
entitled “The Control of Distortion in Arc Welding.” Both of these 
papers evoked discussions of high quality. 


At the opening of the meeting, the President, Mr. Bulleid, who 
was in the chair, presented a number of awards to the winners, 
as follows: 


The Sir 
Braithwaite. 


William J. Larke Medal for 1949 to Mr. R. G. 


The Competition in Welding Craftsmanship, first prize (30 
guineas) to Mr. A. A. Gillies, Associate, South London Branch; 
second prize (20 guineas) to Mr. R. E. A. Andrews, Associate, 
Birmingham Branch; third prize (15 guineas) to Mr. A. B. Field- 
house, Associate, Wolverhampton Branch. Mr. Braithwaite was 
present to represent Braithwaite & Co. (Engineers) Ltd., the 
donors of the prize fund. 


A B.O.C. Welding Prize (£10) to Mr. W. A. Cavill, Associate, 
Sheffield Branch. The British Oxygen Company Ltd., donors of 
the prize fund, were represented by Mr. N. L. G. Lingwood. 


The C. W. Hill Prize, 1949 (a box of drawing instruments) to 
Mr. F. J. McCann, Graduate, Manchester Branch. Mr. Harper 
Hill, whose father, Mr. C. W. Hill, a past President of the Institute, 
endowed this Prize, was present to witness the award. Mr. W. T. 
Amison, Student, Wolverhampton Branch, whose entry was 
specially commended by the Examiners, received his certificate 
next day at Wolverhampton. 


In the afternoon parties went on visits to three works, the General 
Electric Co. at Witton, Metropolitan-Cammell Carriage & Wagon 
Co., and Joseph Lucas Electrical Ltd., at all of which members 
saw much to interest them, 


In the evening there was a Brains Trust meeting at the Grand 
Hotel, the Question Master being Mr. D. J. W. Boag, and the 
members of the Panel, Messrs. F. Clark, G. Davenport, G. Foster, 
H. FE. Lardge and M. Noone. Some of the questions had been 
distributed to the Brains Trust a few days before, but others 
were answered without previous warning and the proceedings 
were kept going in a lively way for close on two hours. 


In spite of drenching rain in the morning and heavy showers 
throughout the day, a small party of ladies, led by Mrs. Weddell, 
had set out on a day’s tour of Warwick and Stratford-on-Avon. 
In the early evening they were joined at the Memorial Theatre, 
Stratford, by a party of members, and rather more than thirty 
witnessed the festival performance of “Henry VIII,” the beauty 
of the setting and the quality of the acting being alike memorable. 


The Thursday was the Wolverhampton day, and began with the 
presentation and discussion of two papers at a meeting at the 
Victoria Hotel, Wolverhampton. These papers were “Some 
Aspects of Fusion Welding for the Chemical and Food Producing 
Industries,” by Mr. F. Jukes, and “Welding in Boilers,” by 
Mr. S. H. Griffiths. They were followed by a film, shown by courtesy 
of Firth Vickers Stainless Steel Ltd., entitled “The Manipulation 
of Corrosion and Heat Resisting Steels.’ Here again there was a 
lively discussion which had to be cut short, in order that the 
President might be free to receive the Mayor and Mayoress of 
Wolverhampton, Councillor and Mrs. H. Bowdler, who honoured 
the Institute with their presence at the luncheon immediately 
following. The Mayor made a brief and happily worded speech of 
welcome, to which the President replied. 


That afternoon there was a choice of two works visits, to John 
Thompson (Wolverhampton) Ltd., and to Thompson Bros. 
(Bilston) Lid., while again a small party of ladies, under the 
leadership this time of Mrs. Colin Spencer, left for a coach tour 
of Bridgnorth and to take tea with Mrs. Howard Thompson at 
Coton Hall. 


The concluding dinner, at which the Lord Mayor and Lady 
Mayoress of Birmingham were the principal guests, was held 
at the Grand Hotel, Birmingham. The toast of the City of 
Birmingham was proposed by Mr. Colin Spencer and answered - 
by the Lord Mayor, who pleased the company by references to 
his own early experiences of welding as a smith. Mr. S. A. Davies, 
Regional Officer of the Ministry of Supply, proposed the toast 
of the Institute, to which the President responded. The remaining 
toast, that of the Guests, was proposed by Dr. Paterson in one of 
his happiest and most entertaining speeches, and the reply was 
made by Mr. R. Weddell, the Birmingham Branch Chairman. 


As usual, arrangements had been made for two additional 
works visits on the morning of the Friday, for those members 
who were not obliged to leave Birmingham immediately. A large 
party went to the Austin Motor works, and we print a photograph 
by courtesy of the Austin Motor Co. Ltd., showing the visitors 
on arrival at Longbridge. A somewhat smaller party went to 
Cadbury Bros Ltd. 


The Institute is greatly indebted to all those whose help and 
hospitality made so successful a meeting, and especially to the 
Officers and Committees of the two local Branches, to the lecturers, 
to the civic authorities, to the directors of the companies which 
arranged works visits, and to the members of their staffs who con-, 
ducted the parties, and finally to the two ladies who gave a friendly 


welcome to the wives of members on the two outings arranged 
for them. 
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NOTES FROM THE BRANCHES 


East of Scotland.—The sixth meeting of the session was held on 
31 March at The Lauder Technical School in Dunfermline, Fife. 
The venue had been arranged to suit the Fife members who found 
it difficult to get to meetings in Edinburgh, and an attendance of 
sixty indicated that it was appreciated. 


Mr. J. Stoddart, Chairman, welcomed those present and, after 
dealing with the formal business, introduced the speaker for the 
meeting, Dr. Mullins of Messrs. Kodak Ltd., who presented a 
paper on “Industrial Radiography.” With an excellent display of 
slides the subject was so delivered that what might have been a 
highly specialised subject of scientific interest only was made to 
appeal strongly to technicians, scientists and practical welders 
alike. 


Some very interesting points emerged in discussion, and it was 
unfortunate that time was limited. A vote of thanks to Dr. Mullins 
was cordially given on the proposal of Mr. Henzell, seconded 
by Mr. Brizley. 


Manchester.—On 1 February, 1950, the Branch Secretary, 
Mr. I. C. Fitch, presented his paper on “The Uses and Abuses of 
Arc Welding Electrodes.” Mr. H. St. G. Gardner was the Chairman 
and about seventy-five visitors and members attended. 


The author stated that the purpose of the paper was to give a 
better understanding of the causes of weld defects and the reasons 
underlying the recommendations made on such factors as storage 
conditions for electrodes, workshop conditions, joint preparation 
and methods of welding special steels. Under the heading of 
“storage of electrodes” the lecturer dealt with the effect of moisture 
on electrode coatings, welding defects due to using damp electrodes 
and correct storage conditions. The next section of the paper was 
devoted to workshop conditions, including such factors as the 
effect of arc blow and strong winds. Considering the surface 
conditions of the plate the effects of paints, oil, grease, rust, scale 
and rust-proofing treatments on the quality of welds obtained was 
discussed, also weld defects due to the inadvertent use of free 
cutting or alloyed steels and steel containing sulphur segregations. 


Mr. Fitch then referred to the effects of heat in the welding wire 
and heat in the arc, illustrating by means of graphs the various 
factors influencing the performance of a welding electrode. The 
design and preparation, prior to welding, of the joint and their 
effects on the final weld quality were examined. 


The final section of the paper dealt with the welding of high 
carbon and alloy steels, and described possible defects of the welds 
in these steels and methods of overcoming them. 


Mr.\R. M. Watts gave a lecture on “Tooling for Welding” on 
1 March. Mr. I. H. Hogg was Chairman and seventy members 
“and visitors were present. 


The lecturer dealt with his subject under five sub-headings: 
(1) Qualifications for a good tool engineer; (2) responsibilities 
of a tool engineer; (3) suggestions regarding thé manufacture 
of tools; (4) economics of tooling, including costing and its 
control; (5) typical examples of tooling with reference to (a) arc 
welding, (b) atomic hydrogen welding, and (c) resistance welding. 

Under the first heading, Mr. Watts emphasised that a tool 
engineer must have had a wide experience in engineering, coupled 
with practical experience as a toolmaker for a number of years. 
He must be adaptable to changing conditions and have an extensive 
knowledge of all types of tools, jigs and fixtures, as also of machine 
tools and their capacities. It was important to know the class 
and type of labour that would handle the tools and the capabilities 
of such personnel. A tool engineer must be tactful, have a knowledge 
of costs and be a person in whom the executive management had 
confidence. 


On the responsibilities and duties of a tool engineer, Mr. Watts 
first indicated by means of a “family tree” his relationship to other 
personnel in the factory, and stressed particularly the close relation- 
ship needed with the process engineer. The tool engineer must be 
able to assess correctly the relationship of tools to such conditions 


as distortion and its control, manipulation, assembly, intermediate 
machining before welding and alternative methods of manufacture. 
In general, his duties should comprise liaison with design and 
drawing office, analysis of drawings prior to manufacture, visualis- 
ing method of manufacture, tooling of each job, choice of the best 
type of equipment available and of the best type of layout for the 
job to ensure flow of material, and provision for the handling 
of products, including manipulators. ‘ 


Under each of these headings the author gave typical examples, 
and next discussed the principles of jig design and the economics 
of tooling, giving some figures of tool costs in relationship to the 
number of components to be manufactured. He referred briefly 
to the methods of assessing costs and of keeping tool cost records. 


Wolverhampton.—On 15 March, 1950, Mr. E. J. Mitchell, a 
prominent member of the Branch, gave a paper on weldability, 
entitled “Can it be Welded?’ Mr. Mitchell, though himself a 
metallurgist, approached the question from the point of view of the 
welding shop rather than from the laboratory angle. His definition 
of weldability was ““The ease or difficulty likely to be encountered 
when carrying out or attempting to carry out a welding operation.” 


Dealing first with ferrous materials, Mr. Mitchell enumerated 
the various factors which affect weldability, citing the following 
as the most important: (1) chemical composition, (2) mass, (3) 
atmospheric condition, (4) surface condition, (5) physical state, 
(6) physical properties, (7) design, (8) microstructure, and (9) the 
human element. 


Under factor (1) the carbon and often the sulphur content of 
the material had a marked influence on the soundness of the weld. 
A “carbon equivalent” for other elements could be approximated 
and a welding procedure based on this; thus, for instance, the 
degree of preheat could be determined from consideration of the 
material thickness and the carbon equivalent. 


In cases where parent metal and weld metal have widely differing 
composition and properties, “buttering” was distinctly useful as a 
means of introducing a buffer between the two, and the chances 
of weld cracking and hardened zone cracking were minimised. 
Regarding (4), surface condition was important, because oil, 
grease and paint could give a carbon “pick-up,” and scale was 
often rich in sulphur. As to No. (5), physical state, it was observed 
that the state of internal stress had a bearing on the ease of 
welding, and the lower the stress the easier the weld could be made. 
As an example of the effect of physical properties, Mr. Mitchell 
quoted the case of magnetic steels when welded with small gauge 
rods; arc blow frequently occurred under these conditions. 


Although less was known generally about welding non-ferrous 
materials, knowledge was accumulating fairly rapidly, and many 
which had previously been thought unweldable were now quite 
easily welded. The factors quoted for ferrous materials applied 
also to non-ferrous, but there were others in addition, and all 
were not equal in importance. One extra factor to be considered 
was the solubility of gases, especially hydrogen, in the molten 
metal, and their evolution during solidification. 

The non-ferrous metals could be classified broadly as (1) readily 
weldable (these included monel, nickel, inconel, tin bronzes; 
(2) weldable with care and attention (aluminium, everdur, brass); 
(3) weldable with difficulty (certain aluminium alloys); (4) unweld- 
able (zinc, lead, and certain aluminium alloys). 


Those in group (1) could be treated almost as mild steels, no 
preheating being necessary in most cases. Monel could be welded 
in any position, but it was essential to use the shortest arc possible 
to avoid gas absorption. Inconel was best welded in the downhand 
position. 

Factors associated with aluminium were the low melting point 
of the metal compared with that of its oxide, the thermal con- 
ductivity and the co-efficient of expansion. Weld porosity occurred 
unless electrodes were thoroughly dried out. The most important 
property of copper was its high thermal conductivity, but it, like 

(Continued on page 94) 
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SOME ASPECTS OF FUSION WELDING FOR THE 
CHEMICAL AND FOOD-PRODUCING INDUSTRIES 


By *F. Jukes, A.M.I.Mech.E., A.M.Inst.W. 


Welding alone can answer the demand of the chemical and food-producing industries for plant 
giving maximum resistance to corrosion and meeting the highest standards of hygiene. The stainless 
steels employed involve interesting welding problems, and in this paper, presented to the Institute at 
the Spring Meeting, the author classifies the various alloys in use, discusses their weldability, and 
outlines the methods of welding those of the austenitic group, concluding with an account of certain 


typical products of his Company. 


T has been said that the greatest enemy of the industrial age 

has been corrosion and the cost of its effects has been estimated 
to run into hundreds of millions of pounds. Untold labour and 
many more millions have been expended in combating this enemy. 
The attention of many eminent metallurgists has been directed 
against corrosion and probably the greatest step forward in the 
never-ceasing battle was the development of stainless steel. 


The development of this now-famous range of alloy steels 
opened a new chapter for the industrial age and projects which 
had previously presented many difficulties, such as limited life 
and suitable allowances to be made for it, hygiene, etc., could be 
envisaged from an entirely new angle. These new alloys offered 
considerable resistance to a wide range of corrosive acids and in 
addition, lent themselves readily to polishing, which is essential 
for the cleanliness required by the food industries. The chemical 
and food-processing industries have benefited considerably from 
these developments and have enjoyed to the full the progress which 
this range of alloys has enabled them to achieve. 


The subject matter of this paper is the fusion welding of products 
fabricated from stainless alloy steels, manufactured to the require- 
ments of the industries mentioned, and the problems related 
thereto presented under the following four headings: 


(1) Groups of stainless irons and steels. 

(2) Weldability of the various alloys. 

(3) Fusion welding of the austenitic group. 

(4) Examples of various fabricated stainless steel products. 


Many people, including the users and fabricators, talk of 
“stainless steel ” as if it were one particular alloy. It is due to this 
rather wide and loose interpretation that this paper opens with a 
brief history and an attempt at the classification of the wide range 
of alloys under consideration. 


GROUPING OF STAINLESS STEELS 


It was in 1913 that Harry Brearley first discovered stainless steel. 
During experimental work on special steels for gun barrels, he 
noticed among the discarded samples one which had not turned 
rusty. The possibilities of such a material were immediately 
apparent to this great metallurgist and he immediately began 
investigations on this particular type of material. The result was 
the development of the first stainless steel alloy, commonly known 
as “cutlery stainless.” It is a comparatively simple alloy containing 
12 to 14 per cent. chromium and 0:2 to 0-35 per cent. carbon, 
iron being the main constituent. 


Since those days constant research has developed a whole series 
of alloys suitable to resist a wide range of corrosive media. 


It will be seen from Table | that stainless steels may be roughly 
divided into three main groups. 


Group |. This group includes stainless irons and stainless steels. 
The stainless irons usually contain 12 to 15 per cent. chromium 
with a maximum carbon content of 0-10 per cent. 


The materials containing more than 0-2 per cent. carbon are 
classified as steels, the 12-14 per cent. Cr. being the famous cutlery 
steel. The third section in this group contains 0-5 per cent. Mo., 


and 0-5 per cent.-S., elements added to facilitate machining 
operations. 


The stainless irons were a natural development following the 
success of the corrosion resistance of the cutlery types. Users of 
stainless steels asked for a steel possessing the same corrosion- 
resistance but of a more malleable character, capable of being 
pressed or formed into various shapes. The stainless irons were the 
first reply to this demand. 


The stainless irons however fell short of the requirements of the 
engineering trades for a number of purposes where, while a hard 
steel was not required, a higher degree of strength was needed 
than could be obtained with the softer types. 


The outcome of this demand was the development of a heat- 
treatable alloy which gave mechanical properties midway between 
the chromium irons and chromium steels. This alloy is detailed in 


Group 2. Probably the best known in this group is the S.80 


Stainless steel, the nominal chemical composition of which is as 
given in Table |. 


The physical properties of the alloys as yet mentioned in Groups 
1 and 2 are affected by heat treatment and consequently by fusion 
welding. There is, however, another group of alloys which should 
be mentioned, although they have not been previously classified. 
These are the ferritic stainless irons containing 16 to 18 per cent. 
chromium, with a maximum of 0-125 per cent. carbon. This group 
cannot be refined by heat treatment. It will be seen from the 
chemical composition that these alloys are closely related to the 


$.80 type, which through its 2 per cent. nickel content responds 
to. heat treatment. 


These ferritic type stainless irons have been mentioned because 
they possess very good resistance to corrosion and have been 
considerably employed where suitable conditions have applied. 
They are, however, less amenable to the forming and welding pro- 
cedures of the austenitic steels described below. 


Group 3. In 1924 Dr. Hatfield developed the now famous 
18/8 stainless steel, which, from the fabricator’s point of view, 
marked the greatest advance in this new field of alloy steels. In 
addition to the great improvement in corrosion resistance, as 
compared with all previous alloys, this new alloy could be readily 
welded and hot and cold formed to shape without any of the 
troubles previously experienced. 


The original alloy contained 18 per cent. chromium, 8 per cent. 
nickel and 0-15 per cent. carbon, and it is still extensively used 
although subject to “weld decay.” 


* Mr. Jukes is with inepena Bros. (Bilston) Ltd. 
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Alloys of this group are austenitic at room temperatures and are 
non-magnetic. 

As will be seen from the Table a number of different types of 
alloys have been developed on the 18/8. basis and each offers 
certain advantages for different types of application. For example, 
the addition of 2-5 to 4 per cent. Mo. increases the corrosion- 


Table 1. 


Chromium 
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stainless clad steel, which, offering the advantages of stainless 
steel, can be purchased at a considerable reduction in cost. Another 
advantage of the stainless clad steel is that plate sizes comparable 
with mild steel are obtainable, whilst the maximum size of the 
alloy sheets rarely exceeds 10 « 4 ft. Increase in plate size consider- 
ably reduces welding and fabrication cost, but machine polishing 


Corrosion Resisting Steels—Typical Analysis per cent. 


Titanium Molybdenum | Sulphur Columbium 





12-0-15-0 
12-0-14-0 
120-140 





16-0-20-0 





18-0 
12:0-13-0 
19-0 
18-0 
18-0 
18-0 
25-0 
18-0 


resistance of the steel, whilst the increase of chromium and nickel 
enhances the heat-resisting characteristics to a marked extent. 


Weld Decay 

The worst trouble encountered with the original 18/8 alloy, 
particularly in the fabricating trades, was that after fusion welding, 
the material when subjected to the action of a corrosive medium, 
disintegrated in definite planes adjacent to the weld. This form of 
disintegration became known as “weld decay.” 

Metallurgical research found that when this alloy is heated in the 
temperature range 500°-850° C. a structural change occurs which 
is detrimental to its corrosion-resistant properties, although its 
mechanical properties are not affected. The structural change which 
occurs is that chromium carbides precipitate at the grain bound- 
aries, with the result that the material tends to fall apart into 
separate crystals under severe corrosive conditions. The effects 
are well shown in Fig. 1. 


Complete immunity 
from weld decay can be 
obtained by: 


(1) Raising the temper- 
ature of the article to 
1000°-1150° C. and 
rapidly quenching. 
This, however, causes 
distortion and is 
impossible for large 
vessels. 

(2) Reduction of carbon 
content to 0-05 per 
cent. 

(3) The addition of 
ferrite-forming _ ele- 
ments. 

(4) The production of 
other carbides. 


The latter method is used to a great extent, the elements usually 
employed being titanium and columbium. Both have a greater 
affinity for carbon than has chromium. A sufficient amount must 
be present, which for titanium is 4-6 times the carbon content and 
for columbium 10 times. 


Fig. |. Welded Ball Float of Basic 188 


Composition after service in a 
corrosive medium. 


Stainless Clad Steel 
Cost is a consideration that every engineer must bear in mind, 
and since the price of the austenitic type stainless steels is approxi- 
mately twenty times that of mild steel, the fabrication from it of 
large vessels, towers, heat exchangers, etc., is a very costly business. 
This high cost of the stainless steels led to the development of 





of the stainless clad is impossible at the present time in plate sizes 
above 4 ft. in width. 

Stainless clad steel comprises a plate of boiler quality steel, 
covered on one or both sides with a sheet of stabilised stainless 
steel. The thickness of the clad is generally based on a percentage 
of the composite thickness, this varying from 10 to 20 per cent. 

The manufacture, economic advantages, minimum thickness of 
cladding, etc., of this type of material have been discussed at great 
length elsewhere, but as it is being fabricated in ever-increasing 
quantities for large pressure and storage vessels, etc., a few remarks 
concerning the welding procedures adopted are included in another 
section. 


WELDABILITY OF THE VARIOUS ALLOYS 


Whilst in general it may be said that all the alloys in the three 
groups mentioned may be fusion welded, the weldability of the 
materials in Groups | and 2 is relatively poor. 

When attempting to fusion weld alloys of Groups | and 2 
special care must be taken owing to their air-hardening tendency, 
which generally speaking leaves the metal adjacent to the weld in 
an extremely hard condition and prone to cracking. It is usual to 
preheat these steels to 300° C. to 400° C., so as to obviate as far as 
possible the quenching action of the cold metal adjacent to the 
joint. Post heating is also necessary, to relieve internal stresses 
which may have developed during welding. 

There are exceptions to the above requirements, particularly in 
the case of light gauge materials, e.g. the S.80 type, of 16 s.w.g. 
thickness and under, which are welded by the oxy-acetylene 
process with an austenitic filler wire. The wide dispersal of heat 
from the blow pipe into the thin material acts instead of preheat, 
whilst the austenitic filler wire ensures that the weld metal is not 
left in the hardened condition. This technique obviates the cracking 
tendencies of this particular material. 

A similar technique to that described above is employed in 
certain instances for the electric arc welding of stainless irons. In 
this instance, however, preheating to 300°C. is usually employed 
and one of the special anstenitic electrodes is used, which deposit 
approximately 18 per cent. Cr., 8 per cent. Ni., and | per cent. Mo. 
This, type of electrode has been specially developed for the welding 
of air-hardening steels and was used to a great extent during the 
war for the welding of armour plates on fighting vehicles. 

Special procedures may, of course, overcome difficulties, but the 
need for them justifies the statement that the weldability of Groups 
1 and 2 is poor. 

Although the ferritic stainless irons are not susceptible to air 
hardening, they develop at high temperature a coarse-grained 
structure with consequent brittleness, which is incapable of removal 
by heat treatment. 

The weldability of the third group, i.e. the austenitic types, is 
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excellent. These alloys are relatively easy to weld by any of the well- 
known fusion or resistance welding processes. It should be noted, 
however, that the straight chromium, and austenitic nickel- 
chromium steels cannot be satisfactorily welded in the smith’s 
hearth. 


FUSION WELDING—AUSTENITIC GROUP 


Before proceeding with details of fusion welding techniques, 
it is as well to consider some of the physical properties of the 
austenitic alloys and compare them with the better known mild 


steel ones. This comparison will be readily seen from an inspection 
of Table 2. 


Table 2. Physical Properties 


18/8/1 Stainless 


Steel Mild Steel 


Melting point . iis ie 
Co-efficient of thermal expansion 
Thermal conductivity 

C.G.S. units 

Electrical resistivity 
microhms/cm. cube 


1$20° C, 
000012 
0-10 
0-12 
20-20° C. 


1440° C. 
000018 
038-20 C. 
059-800" C. 
73-20°°C. 
119-800° C. 


The figures given for the stainless alloy represent the well-known 
18/8 titanium-stabilised steel, and are a reasonable average for the 
austenitic range. 

From the comparison given it will be seen that these particular 
materials have approximately 50 per cent. greater co-efficient of 
thermal expansion, and relatively poor thermal conductivity with 
high electrical resistivity and a lower melting point. 

These characteristics play an important part in the procedures 
we adopt during the fabrication of these alloys, and their effect 
will be noted in the following remarks on the actual fusion welding 
processes. 


Oxy-Acetylene Welding 


This process can be successfully employed and is particularly 
effective with light gauge material, i.e. of the order of 10 g. thickness 
and under, though a satisfactory weld depends to a great extent 
on the skill of the operator. 

When welding by this process great care must be taken to control 
the character of the flame which theoretically should be neutral. 
This is essential as excess acetylene introduces additional carbon 
to the steel, with the consequence that the weld metal is brittle and 
lacking in strength. Excess oxygen causes the formation of oxides 
which, owing to their high melting temperatures, are trapped in 
the weld metal, causing dirty, porous, and unsound welds. 

To maintain a strictly neutral flame is practically impossible 
and it is usual for the operator to adjust the flame until there is a 
slight excess of acetylene. To ensure this condition the operator 
should at regular intervals examine the flame and make the 
necessary adjustments. The importance of the correct flame 
whilst welding cannot be over-emphasised, because neglect gives 
rise to many welding troubles. 

The preparation of the material for welding is similar to that 
of mild steel, but the material must be clean, and if possible in 
the fully sof.ened and descaled condition. Cleaning is important, 
because any dirt incorporated in the weld will act as a focus of 
corrosive attack. It is usual for the edges to be cleaned by either 
scratch brushing, sandblasting, grinding, or washing with descaling 
solution, this cleaning being carried out just prior to welding. 

Welding wire of the type and composition recommended by 
reputable manufacturers is to be preferred to strips cut off the 
actual plates being welded. This latter method is very often adopted 
but there is a distinct possibility of some slight loss of certain 
elements in the welding rod during welding, although this is not so 
marked with the electric arc process. This loss is of course allowed 
for in the specially produced welding wire. 

The gauge of the welding wire should be equivalent to or slightly 
heavier than the thickness of the sheets being welded. 

It has been said that stainless steel can be gas welded without the 
use of a flux. This statement is quite true, but experience has proved 
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that the best results are obtained by using a flux specially made to 
suit this material. There are a number of well-known proprietary 
brands. Mixing the flux into a paste and painting same on the 
edges and underside of the joint gives the best results. This method 
ensures that the slag rises to the surface from the underside of the 
seam and also secures adequate penetration. 

Blow pipe and rod manipulation should be so regulated as to 
minimise puddling. This is necessary to obviate oxidising condi- 
tions. The actual welding operation should be speedy and uniform, 
keeping the puddle and the tip of the welding wire covered by the 
flame all the time. Dropping metal into the weld pool should 
definitely be avoided as the agitation of the weld metal caused by 
this action causes excessive oxidation by the atmosphere. 

When butt welding sheets the gap allowed is usually a half of the 
thickness of the sheet, whilst the joint is tack welded at about 
1 in. to 2 in. pitch. Cooling clamps can also be effectively employed. 


Electric-Arc Welding 


For stainless steels of 12 g. thickness and upwards, the electric 
arc welding process may be regarded as the ideal method of 
welding. By means of this process, using the correct welding 
procedures and techniques, it is relatively easy to produce perfectly 
sound welded joints. 

As regards preparation of surfaces to be welded, the same 
advice holds good as for the oxy-acetylene process, i.e. the surfaces 
must be thoroughly cleaned before welding. 

Owing to their poor thermal conductivity and high co-efficient 
of expansion, the austenitic type stainless steels are prone to over- 
heat locally and expand readily. Therefore great care should be 
taken to avoid excessive distortion and ensure joint rigidity. This 
is usually accomplished by the use of clamps and/or closely pitched 
tack welds. Chill bars are also used for light gauge material. In 
addition, it is important that the joint gap allowance be sufficient 
to accommodate the expansion. 

Care should be taken with all tack welds and these should have 
full penetration, being neatly made at regular intervals, so that 
they offer the minimum of trouble to the main welding run when this 
is being made. 

The types of joints usually recommended for the electric arc 
welding process are as follows: 

Up to } in. thickness 
§ to } in. 
i to } in. 
Over j in. 


Sq. butt 
Single V 60 
.. Single V 60° or Double V 70° 
‘ Double V 70 


With regard to electrodes the correct type for the alloy being 
welded must be used. All the leading manufacturers publish lists, 
giving details of their electrodes recommended for welding the 
different types of corrosion- and heat-resisting steels. 

The coated electrode is to be preferred and the welding operator 
should not be allowed to use electrodes whose coatings have been 
damaged, as the flux coating contains alloy additions which 
compensate for any loss that may occur during metal transfer 
through the arc. } 

The generally. accepted optimum length for stainless steel 
electrodes is 12-14 in. As the electrical conductivity of the core 
wire is lower than for mild steel, longer electrodes tend to overheat 
—particularly the last few inches. This overheating not only 
destroys the coating but also produces surface holes in the weld. 

Columbium is now universally used as the stabiliser in stainless 
steel electrodes. Titanium is unsatisfactory, as it volatilises almost 
completely in the heat of the electric arc. 

The gauge of electrode usually recommended for the welding of 
square butt joints is equivalent to the plate thickness, or of 
slightly heavier gauge. For single and double V preparations it is 
usual to employ 10 g., 8 g., and 6g. electrodes with a defined 
welding procedure, 

With the flux coatings which have been found to be most 
efficient with these alloy electrodes the welding operation is carried 
out more readily and efficiently when using equipment with a 
direct current output. Nevertheless electrodes have been developed 
to suit A.C., but when using same the transformers should have an 
open circuit voltage of not less than 100. 

During the welding operation a short arc length must be main- 
tained to avoid loss of chromium and other elements. Puddling 
and weaving should be avoided and if possible the arc should not 
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be broken during welding. Any attempt to achieve full-scale 
penetration through a close butt joint in light gauge stainless steel 
by using high currents will cause a metal collapse under the arc, 
resulting in a hole instead of a weld. Each weld run must be 
deslagged by chipping or wire brushing, as any foreign matter 
on the weld surface encourages localised corrosive attack. 


Welding technique is influenced to a great extent by the 
physical properties of these austenitic alloys. For example, they 
can be welded much faster than mild steels. In fact, approximately 
twice as much metal can be put down per hour as compared with 
mild steel. 


Welding Stainless to Mild Steel 


For the sake of economy it is often necessary to weld mild 
steel stiffeners, brackets, jackets, etc., to stainless steel vessels. 
When this problem presents itself, the difference in the co-efficient 
of expansion between the alloy and mild steel must be considered 
and due allowance made. The weld can be made with a mild 
steel electrode, a stabilised stainless steel one, or one of a highly 
alloyed stainless steel. In each case the structure of the weld metal, 
from a metallurgical viewpoint, may be highly complex. From the 
practical aspect, the weld metal produced by a mild steel electrode 
is not so ductile as from a stainless one, and consequently is more 
prone to crack. Therefore use of a stainless steel electrode is to be 
preferred, although the deposited weld metal in both cases is not 
truly austenitic. A method which has been tried with good results 
is to use highly alloyed austenitic electrodes, usually employed for 
welding non-austenitic steels. This type of electrode leaves an 
austenitic deposit even when used on mild steel. 


The writer has seen all three types of weld metal fracture when 
deposited under conditions of restraint. If these conditions cannot 
be avoided, preheating and postheating have been found to be 
beneficial. 


Fusion Welding of Stainless Clad Steels 


The object when welding stainless clad steel is to produce a high 
quality weld, possessing the same corrosion-resistant properties 
on the clad side as the alloy cladding itself. This may be achieved 
if close attention is given to: (a) correct plate edge preparation, 
(6) correct alignment of joint edges, and (c) correct welding proce- 
dure and technique. 


The major problem when welding stainless clad is “dilution” 
and this can be directly affected by lack of attention to any or all 
of the three points mentioned above. Many different types of 
welding procedure have been tried in an endeavour to produce 
suitable butt welds, i.e. to eliminate or reduce dilution to an 
absolute minimum and at the same time produce a weld having 
physical test results comparable with those on the parent plate. 
A procedure which has been found to give good results is illustrated 
in Fig. 2. It will be seen from the illustration that a 70° V prepara- 
tion is recommended, with a root face that extends 4 in. above the 
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RUNS 1/7 — MILD STEEL ELECTRODES 
RUN 6 —23/iI STAINLESS STEEL * 
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Fig. 2. Details of Plate Edge Preparation and Welding Procedure for 
Stainiess Ciad Sheets. 
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cladding. The depth of this root face is important, as it acts as a 
stop to excessive penetration and consequent pick-up of alloy 
material. Although stainless clad materials can be readily gas cut 
by the oxy-acetylene process, the importance of the depth of root 
face has influenced many fabricators to prepare all joint edges 
by machining or plate-edge planing, whereby the dimensions 
required can be readily achieved. 


The mild steel side is welded up first with appropriate electrodes. 
The first run is the most important. The maximum size of electrode 
recommended for the first run is 10 s.w.g., with normal current, 
so as to achieve adequate but not excessive penetration. After 
completing the mild steel side, the clad side of the joint is chipped 
out to a depth of approximately 4 in. below the cladding. Provided 
the first run on the mild. steel side was satisfactory and the fit-up 
was correct, this depth of chipping should reach solid weld metal, 
i.e. in the mild steel. The first weld run on the clad side is made 
with a highly alloyed electrode of a 23/11 composition, this. 
compensating for the high dilution which will occur on this run. 
The final weld run is made with an 18/8 type of electrode. 


It is usual to weld thin plates, i.c. | in. thickness and under, 
with stainless steel electrodes throughout, and this procedure is also 
recommended for plates of any thickness, where the joint can be 
welded from one side only. 


For butt welds in plates of above } in. thickness, single U-type 
preparations are recommended, as shown in Fig. 3. 


FY 
OOT FACE 


Fig. 3. 


STAINLESS CLADDING 
“U" Type Preparation. 


Designers should endeavour to avoid lap and corner joints, as 
these lead to difficulties with fit-up and complications as to suitable 
welding procedures. Where they are’ unavoidable, as in the attach- 
ment of standpipes to vessels, it is the normal practice to fabricate 
the standpipe from alloy steel and to weld the fillet throughout 
with alloy electrodes. 


The most serious weld defect is undercutting of the clad surface, 
which can reduce or eliminate the protection of the cladding. 
Careful inspection after welding is necessary and any undercutting 
found should te repaired by welding with alloy electrodes. Porosity 
should be avoided by careful current control, using dry and un- 
damaged electrodes, and correct electrode manipulation, etc. 


The above remarks refer only to the welding of stainless clad 
plate, made up of boiler quality mild steel with a clad of stabilised 
stainless steel of the 18/8/1 (Ti.) or 18/8/3 (Mo.) qualities. Other 
combinations are available and in certain instances special tech- 
niques are necessary both for fabrication and welding to ensure 
satisfactory results. 


FABRICATED PRODUCTS FOR THE CHEMICAL 
AND ALLIED INDUSTRIES 


Fig. 4 illustrates the carcass of a fabricated jacketted mixing: 
vessel. 


The inner shell, shown standing in a vertical position in Fig. 5, 
measures 20 ft. long» 8 ft. wide x approximately 13 ft. deep and 
is constructed from }-in. thick molybdenum-bearing stainless 
steel of the 18/8/3 quality. All internal surfaces had a dull polished 
finish and the internal welds were ground and polished to suit. 
The inner shell was electric arc welded throughout, all joints. 
being of the 60° single V butt type, this method of construction 
giving smooth, uninterrupted surfaces. All internal corners were 
flanged, having large corner radii to facilitate the polishing. 

To resist the effects of internal air pressure, which is used to eject 
the contents after mixing, it was essential to reinforce the internal 
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shell. This was accomplished by means of mild steel stiffeners, 
welded direct to the external surfaces of the shell (Fig. 6). These 
mild steel members served a dual purpose, as they were made 
to act as baffles for the cooling water circulated around the 
<omplete external surfaces. 


The mild steel outer jacket was made up in small panels, each 
ebeing secured by means of studs. This method of construction 


FUSION WELDING FOR CHEMICAL AND FOOD-PRODUCING INDUSTRIES 


83 


These problems were eventually solved by adopting the following 
procedures. The boxes were located and rigidly held in position by 
means of welding fixtures that had been fabricated and machined 
to close limits. The boxes were also made of jacketted construction, 
to enable water to be circulated by means of a pump during 
welding: in this way the bores were kept cool and unaffected by 
the generated heat. A planned welding sequence, this being the 
result of previous experimental work on mock set-ups, was adopted, 


was necessary to facilitate cleaning of the water passages, and the 
removal of scale, etc. Fig. 4 shows the jacket panels and the 
method of fixing. The studs were welded to the steel stiffeners 
by stud weldine machines, and much time was saved by this. 


and so distortion of the bores was eliminated and alignment care- 
fully controlled. To assist us with this work alignment telescopes 
were employed, and readings were taken during the welding and 
cooling periods. 

The theoretical clearance between the beater shaft and the pack- 
ing gland was % in. Final checks after assembly of the shaft showed 
that the minimum clearance amounted to 0-032 in., whilst the 
misalignment over 26 ft. bearing centres was only 0-015 in. 

The beater driving shaft shown in Fig. 7 provided another 
interesting fabrication. A number of tentative designs were con- 
sidered, such as a solid or alternatively a tubular shaft made from 
stainless steel, but these were discarded because either of supply or 


Carcase of Fabricated jacketed Mixing Vessel. 


Fig. 6. 


Inner Shell with External Stiffeners welded in position. 


As mentioned above, electric-arc welding was used throughout, 
the procedures and techniques employed being in accordance with 
the details described earlier. The greatest problem encountered 
was the assembly and welding in position of the stuffing boxes. 
Because of the size of the vessel, it was apparent that machining 
after welding would be impossible, and so both boxes had to be 
fully machined prior to welding into the vessel. This method 
maised two very big problems, as follows: 

(1) The bore of the stuffing boxes must not be affected by 
distortion or heat, created during welding. 

(2) The alignment of the bores must be accurate after welding 
to ensure satisfactory shaft rotation. 


Fig. 5. Stainless Stee! inner Shell. 
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of fabrication difficulties. The design eventually adopted was as 
shown in Fig. 7. 

Fig. 8 shows a solid mild steel forged shaft fully machined 
except for the reduced steps at each end. The sleeve collars shown in 
the same picture are centrifugal castings in molybdenum-bearing 
stainless steel, each being machined all over. These collars were 
shrunk and keyed in position on to the mild steel shaft, as shown 
in Fig. 9. It will be noted that the vertical flanges were drilled, 
these holes being necessary for attaching the beater arms. 


Fig.7. Beater Driving Shaft. 


Fig. 9. Mild Steel Forged Shaft with Sleeve Collars'fitted in position. 


The gaps between the collars were bridged by means of a stainless 
steel sheath, fabricated from 14 s.w.g. plate and butt welded in 
position. These welds were afterwards ground and polished. 
Careful inspection of Fig. 7 shows that the centre sheath is 
omitied, so as to allow the exposed section of the machined mild 
steel shaft to act as a steady in the lathe whilst the ends of the 
shaft were trued up, i.e. after welding was 95 per cent. completed. 
After machining the final sheath was welded in position. 

The sheathing left an annular air space between the mild steel 
shaft and the stainless stee! plate and these air spaces were inter- 
corinected by means of the keyways used for securing the collars. 
This method of construction enabled us to subject the butt welds 
_Of the stainless sheath to an air pressure test, which was facilitated 
by means of screwed bosses welded in position at each end of the 
complete sheath. 


The beater arms, an example of which is shown in Fig. 9a, 
were made up from | in. thick mild steel plate, over which was 
slipped a 14 s.w.g. stainless steel sleeve, electric-arc welded in 
Position. The scraper block and the section which bolts to the 

_ collar were made up from solid stainless steel and electric-arc 
welded in position. ri 


The weight of each vessel complete with drive shaft and beater 
arms was approximately 29 tons. 


Fig. 10 illustrates an absorption column used for the production 
of synthetic nitric acid from anhydrous ammonia. The vessel was 
constructed from titanium-stabilised stainless steel of the 18/8/1 
quality. It measures 5 ft. 4 in. inside diameter and is approximately 
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40 ft. high, the shell 
being fabricated from 
§ in. thick plates, whilst 
the dished end covers 
are pressed from } in. 
thick plates. The bolting 
flanges were machined 
from stainless _ steel 
forgings, the finished 
thickness being 2} in. 
These were welded 
directly to the shell 
sections and end covers, 
as shown in the illus- 
tration. 


The interior of the 
column contains 35 
Stainless steel trays 
fabricated from % in. 
thick plate. Mounted 
on each tray are 36 
bubble caps and noz- 
zles,, complete — with 
cooling coil, all of these 
items again being pro- 
duced from stainless 
steel. The ends of the 


cooling coils can be 


Seen protruding from 
the shell. 


These columns were 
electric-arc welded to 
the requirements of 
Lloyds Class 2 Specifi- 
cation, and were tested 
to a hydraulic pressure 
of 275 Ibs. per sq. in. 
on completion. 


The shell of a vertical 
mixer fabricated from 
molybdenum - bearing 
stainless steel of the 
18/8/3 quality is shown 
in Fig. 11. It is 15 ft. 
in diameter and 14 ft. 
6 in. deep, and is con- 
structed from } in. thick 
plates, butt welded 
by electric arc welding 
throughout. The bottom of the vessel is supported on a large mild 
steel cradle, which is clipped in position to the underside by 
means of mild steel clamps. Four mild steel fabricated stools are 
welded directly to the cradle, which enable the vessel to be mounted 
vertically on stanchions. Operating inside the vessel is a large 
paddle, mounted on a. 10-in. diameter shaft, not shown in the 
illustration. The paddle and shaft are mentioned because sboth 
were constructed from mild steel and sheathed with an external 
skin of 14 w.g. stainless steel plate, attached directly by means of 
electric-arc welding. — 


+ 5. 9a. Fabricated Beater Arm. 


Fig. 12 illustrates an octagonal churn used in the manufacture 
of viscose rayon. The inside shell in this instance was fabricated 
from stainless clad plate of 2 in. composite thickness, the stainless 
cladding being 0-07 in. thick. Electric arc welding was used through- 
out the manufacture of this stainless clad shell, all joints being 
butt welded in accordance with welding procedures and details 
described earlier for this class of work. The internal finish was a 
dull polish and the welds were ground and polished to suit. This 
internal finish can be seen from the illustration. The body of 
the churn is externally jacketted, the jacket teing fabricated from 
mild’ steel plates, electric arc welded. As will be seen from the 
illustration, the churn is fitted up complete with trunnions and 
bearings, which enable it to be rotated by means of an electric 
motor and reduction gear at a speed of approximately twenty 
revolutions a minute. The internal. stainless. cladding made it 
possible to obtain a smooth polished surface, offering a high degree 
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of resistance to corrosion, an admirable feature for the processing 
of viscose rayon. 


FABRICATED PRODUCTS FOR THE FOOD 
PROCESSING INDUSTRIES 
Whilst the requirements of the chemical industries call for plant 
having suitable corrosion resistance and strength, the food indus- 
tries emphasise the need for hygiene. Contamination of food 


ig. 10. Absorption Column fabricated from Stainless Steel 18/8/1 quality 


Fig. 11. Vertical Mixer fabricated from Molybdenum Bearing Stainless 


Steel 18/8/3 quality. 


Octagonal Churn fabricated from Stainiess Clad Steel. 
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products cannot be tolerated, and to obviate this it is necessary for 
plant to be designed with this object in mind and fabricated from suit- 
able materials, which can be readily cleaned. Consequently it is now 
usual for plant to be manufactured from polished stainless steel 
plates of butt welded construction throughout, the internal surfaces 
of the welds being ground and polished to coincide with the 
internal finish of the plates. Sharp corners are difficult to clean, 
and consequently may prove to be sources of bacteriological 
infection. Blow holes and superficial cracks in welds are also focal 
points for this type of trouble. Consequently all internal corners 
are rounded to facilitate cleaning, whilst internal fillet welds are 
not recommended, as they are difficult to grind and polish 
satisfactorily. 


The dairy, brewery, canning and packing industries have all 
benefited from plant which has been fabricated in accordance with 
the requirements mentioned above. The following examples give 
brief details of some of the many products manufactured to suit 
the hygienic requirements of these industries. 


A cooler for sweetened condensed milk is shown in Fig. 13. This 
was fabricated from stabilised stainless steel of the 18/8/1 quality, 
and measured 5 ft. 6 in. inside diameter x 11 ft. 6 in. overall length, 
the shell being constructed from } in. thick plates and the dished 
ends from in. thick plates, Electric arc butt welded construction 
was used throughout, the internal finish being a dull polish with 
the welds ground and polished to suit. Mild steel stiffeners were 
welded to the external surfaces at a suitable pitch, serving firstly 
to enable the vessel to withstand the effects of internal vacuum, 
and secondly to act as points of support from the base frame. In 
the foreground of the illustration is shown a rotary type heat 
exchanger which operates inside the cooler. Bearings are fitted 
at each end of the cooler, into which the exchanger is mounted, 
being driven through a worm gear reduction unit. This heat 
exchanger is specially mentioned, as it represents a most interesting 
example of the fabrication of stainless steel bars, castings, tubes and 
plates, the whole assembly being by electric-arc welding. The end 
driving shafts were made from 4 in, diameter solid bars, the 
deflector water boxes from castings, the outer and inner water 
passages from 2 in. bore solid drawn tubes, whilst the central 
hollow shaft was fabricated from } in. thick plates. 


Fig. 13. Cooler for Sweetened Condensed Milk fabricated from 
Titanium Bearing Stainiess Stee! 18/8/! quality. 


The method adopted for the assembly and welding of the various 
parts of this heat exchanger was as follows. The driving shafts 
were welded to the deflector water boxes (i.e. the castings) and these 
sub-assemblies were machined in a lathe to ensure correct shaft 
alignment. The sub-assemblies were then mounted in an alignment 
jig, which not only ensured correct alignment but also correct 
pitch in the bearing centres and correct assembly positions for 
tubes. The central hollow shaft was then welded in position, after 
which the 2 in. bore water tubes were tack welded in place. The 
exchanger was then tested for rotary movement and when found 


. Satisfactory the welding was completed. Check tests were then 


made both as to rotary movement and alignment. After completion 
of all tests the welds were ground and polished smooth. The 
exchanger was of the 3-pass type, water being circulated through a 
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hole in the driving shaft, passing from there through the outer row 
of tubes, back through the inner row of tubes and then out at the 
far end by means of the central hollow shaft. The rotary movement 
of the exchanger, together with water cooling, prevents the forma- 


tion of large crystals of sugar, when the milk is passing through the 
cooling process. 


Fig. 14 illustrates two vertical type milk storage tanks, one of 
1,000 gallons, the other of 750 gallons capacity. The usual require- 
ments of the food industries demand that all internal surfaces 
shall be dull polished, but in this particular instance the customer 
asked for the vessels to be bright polished internally and externally. 
These vessels were made from 12 s.w.g. stainless steel sheets of the 
original 18/8 quality, and were electric arc butt welded throughout. 

























14, Two Vertical T Milk Storage Tanks fabricated from 





Fig. 16. Road Transport Tanker for the distribution of milk in bulk. 
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Extreme care had to be taken in the handling of the plates during 
the various fabrication stages and all surfaces were protected by 
means of brown paper pasted in position. This paper terminated 
about 1 in. from the plate edges which were to be electric arc 
welded and ground, etc., and such was the care exercised during 
manufacture that the paper was intact when fabrication was 
completed. The illustration shows the mirror-like finish of the 
external surfaces, of which, as far as the writer knows, these two 
vessels are the only examples made in this country. 


The railways transport milk in tanks of 3,000 gallons capacity, 
mounted on a to a rail truck. These tanks are fabricated throughout 
from ¥% in. thick plates of stabilised stainless steel of the 18/8/1 
quality, electric arc butt welded. The internal finish is usually a dull 
polish and the welds are ground to suit. Externally the tanks are 
insulated by means of a 2 in. thick layer of cork, which is encased 
with mild steel sheets, electric arc welded. Fig. 15 illustrates a 
complete train of these tanks, twelve in all, transporting a total of 
36,000 gallons of milk. 


The distribution of milk in bulk for local areas is undertaken 
by road transport tankers. Fig. 16 illustrates one type of these 
vehicles. The tanks are usually constructed from } in. thick plates 
of stabilised stainless steel of the 18/8/1 quality, electric arc butt 
welded. The internal finish is a dull polish with the welds ground 
and polished to suit. Externally the tanks are insulated by means 
of a 2 in. thick layer of “Alfol,” encased in aluminium sheets 
of 16 s.w.g. thickness. These lagging sheets were originally secured 
by means of screws, but this method has now been replaced by butt 
welding the sheets by the argon arc process. The tank shown is of 


Fig. 17. Typical Road Tanker used for the transport of beer in bulk. 


3,000 gallons capacity and is mounted on the eight-wheeled chassis 
by means of fabricated mild steel bearers, the seating being made 
through rubber mounting pads or cushions. 


Fig. 17 illustrates a road tanker used for the transport of beer 
in bulk. This particular type of tanker is of 2,800 gallons capacity, 
constructed from 18/8/1 stainless steel, the shell being of 4 in. 
thickness, whilst the dished and flanged ends are of . in. thickness. 
The tanker is entirely butt welded by electric arc and the internal 
finish is a dull polish. The tank is insulated externally with a 2 in. 
thick layer of “Alfol,”’ encased in aluminium sheets, fusion welded 
by the argon-arc process. 
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SAFETY IN THE PRACTICE OF WELDING 


SAFETY IN THE PRACTICE OF WELDING 


By E. Fucus, M.A., A.M.I.Mech.E. 


This paper, read to the Wolverhampton, Southampton and Tees-side Branches in December 


, 1949 and 


February this year, lists the commoner dangers of welding, both by electric arc and oxy-acetylene, and 
illustrates the protective equipment necessary. Readers of the paper will conclude, with the author, that, 
although welding gives rise to many potential hazards, it is a safe process, provided the simple precautions 


explained in the paper are followed. 


INTRODUCTION 
N any sphere of activity it is only possible to act with safety when 
the sources of danger are known and understood. For instance, 
on the road the knowledge that traffic keeps to the left and that 
therefore the source of danger is on the right when stepping off a 
footpath is quite indispensable as a basis for safe action when 
travelling on foot. So in welding and the allied processes there 
are certain easily defined sources of danger which must be con- 
stantly borne in mind when planning for safe working. These 
sources fall into three categories, thus:— 
1. Dangers common to all or most welding processes. 
2. Dangers associated with the use of electricity. 
3. Dangers due to the use of inflammable gases. 


1. In the first category we have:— 
(a) Rays injurious to the eyes and skin. 


Fig. |. Welder’s handshield in use. 


(6) Molten and hot metal and slag, flying particles of which 
are liable to cause burns of the skin and eyes. 

(c) Explosive or inflammable atmospheres present in 
confined spaces before welding commences. 

(d) Fumes created by welding operations. 

(e) Working off the ground with inadequate means of 
access, or inadequate protection against the weather. 


2. The particular danger in the use of electricity, the second 
category, is, of course, that of shock. 


3. In the case of processes involving the use of inflammable 
gases the special hazards are:— 

(a) The escape of gases in confined spaces, generally between 
welding or cutting operations rather than during actual 
operation. 

(5) The fire and explosion dangers particularly associated 
with acetylene and other fuel gases. 


The means of countering each hazard fall into three groups, 
viz.:— 
(i) Protective clothing and appliances for use by individual 
welders; 
(ii) provision of suitable shop and site equipment with 
insistence on its use; 
and (iii) definite rules for working under conditions known to 
involve risks. 


As far as possible the means of meeting each hazard will now be 
dealt with in such an order that it will be clear to which group 
they belong. 


I. PROTECTION AGAINST RAYS INJURIOUS TO 


THE EYES AND SKIN 
1. Eyes and face 


(a) Are Welding.—Iin the arc welding processes, including the 
metal and carbon arc, atomic hydrogen, and argon arc, protection 
must be afforded both for the eyes and the skin. The ultra-violet, 
i.e. very short waves, and the infra-red, ic. heat waves, are 
injurious to both. In addition there is the possibility of “eye 
flash” caused by looking suddenly at an unshielded arc. This last 
trouble is always temporary, lasting at most two days, but eye 
injury from continuous exposure to the arc may be lasting. It is 
for these reasons that protection is required for the whole face, 
this taking the form of a shield with a suitable window to allow 
for vision. For the metal arc processes, where only one hand is 
required for the welding operation, a shield held in the other 
hand is practicable, and in this country is by far the more popular 
(Fig. 1). Where both hands are required, as in atomic hydrogen 
or argon arc welding, or in the case of metal arc welding should a 
free hand be convenient, the shield must be supported differently, 
the helmet type being the universally accepted solution (Fig. 2). 
It is worth noting that in America the helmet is the standard for 
metal arc welding and that the free hand is frequently used to 
steady the welding hand, probably quite an appreciable factor in 
reducing fatigue. The disadvantage of the helmet is that it is 
permanently on the welder’s head (Fig. 3) causing a certain amount 
of discomfort to those used to handshields. The main advantage 
is the reduction in the amount of equipment likely to be forgotten 
when moving about a job. The shield must in any case be so 
constructed that no conducting parts pass right through from 
outside to inside, or dangerous flashing may occur on the inside 
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not only when it is used as a tray, but also during welding if a live 
part is accidentally touched. 


Some points are worth noting about the glasses used in shields 
and helmets. The first is that it is not essential for all welders to 
use exactly the same grades of filter glass for viewing the same 
arc. It is entirely safe to leave the choice of grade to the welder, 
provided that the glass is one of the EW grades of British Standard 
679 : 1947. Some prefer a lighter glass and some a darker, but 
either will give full protection against the harmful rays at both ends 
of the wave-length scale. A second point is that the filter glass 
must be protected on the arc side against weld spatter and fumes, 
or it is soon ruined. The great trouble has always been the fogging 
of the protective glass used for the purpose, and this problem 
awaits a satisfactory solution. 


If the shield or helmet is provided with a device for moving the 
coloured filter glass away, leaving only the plain glass, it can be used 


Fig.2. Welder’s helmet in use. 


for eye protection when chipping slag (Fig. 4). Such devices are 
available both on handshields and helmets (Fig. 5), but they 
will only be used if foolproof and reliable in action. Having to be 
operated anything from seventy to two hundred times a day they 
are otherwise useless. In practice a hinged type (Fig. 6) has on the 
whole been found more constantly reliable than the sliding type 
seen in Figs. 4 and 5. It must be emphasised that the vast majority 
of eye injuries to welders occur when a run of welding is being 
closely examined without eye protection while still very hot. At 
this stage particles of slag fly off er and often cause 
quite serious injury to the eyes. 


The safest way of all for protecting the eyes when chipping slag 
is to wear plain spectacles all the time, but most welders find this 
irksome. Where this is the case and shields with a device for 
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moving the filter glass are not available, or are not liked, another 
good plan is to use a shandhield of a small type, fitted with plain 
glass or “Perspex” only (Fig. 7). The disadvantage is again the 
additional equipment to be carried about. 


Protection must also be provided for the eyes of other workers 
in a welding shop. Anyone working directly with the welder, for 
instance a plater holding parts together for tacking, should wear 


Fig.3. Helmet raised off face. 


Fig. 4. Slag chipping viewed through handshield. 
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Fig. 5. Helmet with slide action. 


Fig. 6. 


a pair of spectacles with tinted glasses of the lightest shade in 
Table I of B.S. 679 or of the proprietary glass known as “Infrex.” 
These spectacles should preferably be fitted with side shields. 
The workers generally should be screened from the welding ares 
by portable screens which can be moved about to appropriate 
positions in the shop (Fig. 8). It is interesting to note that 
when welding is first introduced in a shop all eyes are attracted 
to the arcs so that the occurrence of eye flash among non-welders 
tends to be frequent, but that after a short time they automatically 
look away from any arc that is struck and thus the trouble dies 
out and the provision of complete screen protection, though 
desirable, is not essential. 


(b) Gas Welding and Flame Cutting.—Though both ultra-violet 
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Fig. 7. Small handshield with plain glass for chipping. 


Handshield with hinged t ype action. 


and infra-red rays are emitted by an oxy-acetylene flame they 
are not of an intensity to be harmful to the skin of the face. There 
is, therefore, no objection to the use of goggles instead of a shield 
when ocy-acetylene welding, though for some very hot work, 
such as the repair of heavy castings, many welders find a helmet 
as for arc welding a boon. The goggles must be fitted with correct 
filter glass, again as laid down in B.S. 679 : 1947, and these filters 
should have the protection of plain glass against splash, as in the 
handshields and helmets. A pair of goggles, suitable for use over 
spectacles where necessary, is illustrated in Fig. 9, a spare pair 
of filters and plain lenses being shown separately. This type, 
which has separate cups for each eye, may give rise to interference 
of vision because the lenses are not at right angles to the line of 
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vision. This difficulty is overcome by the adoption of boxes in 
place of cups, as seen in the goggles worn by the welder in Fig. 10. 


Goggles with hinged frames to taise the filters without moving 
the goggles have been tried, but on the whole seem to be too 
heavy for comfort. 


The British Standard is somewhat confusing in the multiplicity 
of grades and shades of filters listed. It has been found that the 
GWF grades, specially developed for eliminating the mono- 
chromatic glare emitted by sodium bearing fluxes, i.e. chiefly 
for the welding of non-ferrous metals and cast iron, are suitable 
for all purposes. [t is not therefore really necessary to consider 
both the GW and GWF ranges; usually also one colour is quite 
suitable, green probably being the most universal. 


The oxy-propane, oxy-coalgas, oxy-hydrogen, and oxy-butane 
flames used for flame cutting and lead burning are less intense 
than the oxy-acetylene flame. They can be observed with the naked 
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burners, since they produce showers of white hot oxide, and to 
protect the trousers, particularly the very vulnerable “turn-ups,” 
by means of canvas spats or leggings. 


For heavy gas welding it is a good plan to wear asbestos cloth 
sleeves to protect the arms up to the shoulders and to substitute 
an asbestos cloth apron for the leather one. 


Ill. CLEARING CONFINED SPACES OF EXPLOSIVE 
OR INFLAMMABLE ATMOSPHERE BEFORE WELDING 


If an explosive or inflammable atmosphere is present before 
welding begins at all it will generally be due to fumes from remnants 
of petrol or other highly volatile liquor which has been carried in 
the tank or vessel to be repaired. Everyone in charge of welders 
should have this very real danger uppermost in his mind whenever 
a repair inside a closed vessel of any sort, such as a rail tank wagon, 
is to be undertaken. The Factories Act of 1937 in Section 28A 


Fig. 8. Shop with portable screens. 


eye without causing damage, but the work can be watched very 
much better through suitable filters, i.c. those one or more grades 
lighter than for the oxy-acetylene flame. 


2. Hands and Arms 

Some welders leave their hands unprotected and the skin after a 
little while becomes hardened to the effects of the arc or flame. In 
most cases, however, it is advisable to afford protection to the 
skin, since the hands are very near the source of the injurious rays. 
Leather gauntlet gloves or one-finger mittens give the necessary 
protection either from the arc or flame. To avoid fatigue it is im- 
portant to choose a type giving flexibility and hence freedom of 
movement. There are many unsatisfactory gloves on the market, 
but the three pairs of various construction shown in Fig. 11 have 
proved themselves satisfactory in service. For flame cutting 
(burning) and light welding a much lighter glove is adequate and 
gives the necessary sensitivity to the hands. 


Il. PROTECTION AGAINST MOLTEN AND 
HOT METAL AND SLAG 
The clothing and shields so far described for protection against 
injurious rays do, of course, also afford protection against flying 
particles of metal and slag, but they leave the body and legs 
unprotected. It is therefore advisable to add a leathe: apron to 
the equipment of all welders and burners, more especially of the 


lays down that no “welding, brazing or soldering operation” 
may be carried out on such “plant, tank, or vessel” until “all 
practicable steps have been taken to remove the substance and any 
fumes arising therefrom.” The Factory Department of the Ministry 
of Labour has prepared a warning notice for display in repair 
shops. This notice explains precisely how the requirement of the 
Factories Act is to be put into effect. Only one further point 
must be remembered, namely that in the case of substances 
such as carbon bisulphide, which have an abnormally low flash 
point, it is even dangerous to blow live steam into the contamin- 
ated atmosphere. In these cases the vessel must first be filled with 
cold water into which steam may be blown until it is boiling. 


Should a welding repair have to be undertaken in a confined space 
known to contain noxious but non-inflammable fumes which 
cannot readily be cleared, this necessitates the use of a breathing 
apparatus for the workers. In general the “Antipoys” type with 
face mask and tube to clear atmosphere is suitable. One is seen 
in Fig. 12 being worn by a welder about to enter an ammonia 
tank wagon for an emergency repair. 


IV. PROTECTION AGAINST FUMES CREATED BY 


WELDING OPERATIONS 
1, General 


If a man is known to have been overcome in a vessel or other 
confined space due to unforeseen circumstances, the rescuer must 
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always wear a breathing apparatus when going to his aid. So often 
a well-meaning would-be rescuer, without a breathing apparatus, 
is in his turn overcome on entering the vessel, thus only making 
matters worse. 


2. Flame processes 


In gas welding, fiame cutting or flame brazing some oxygen 
from the atmosphere is used up in the flame, which converts it to 
CO, and CO. The latter is a very dangerous gas in that it is noxious 
but free from smell and thus goes undetected. When working in a 
confined space the CO will accumulate unless steps are taken 
to supply ventilation. This can be done either by introducing 
compressed air at the bottom of the space in sufficient quantity 
to remove the spent air, or preferably by extracting it with an 
exhaust fan of really adequate capacity. The one illustrated in 
Fig. 13 has a capacity of 600-800 cub. ft./min. and does excellent 
service both for the type of work shown in the photograph or 
equally in the case of plant in chemical works buildings where 
this unit, being portable, can be taken without much trouble. 


3. Are Processes 


In all the arc processes a considerable danger in confined spaces 
arises from the oxidation by the arc of the nitrogen in the air. 


Fig. 9. Oxy-acetylene welder’s goggles (cup type). 
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This chemical action produces nitrous oxide, a poisonous gas which 
has often overcome workers under these conditions. Ade quate 
ventilation, exactly as described for use when gas welding, is again 
the solution. 


In metal arc welding with covered electrodes which, as all will 
realise, is now by far the most widely used process, there are 
always fumes arising from the coating. These are additional to 
those due to oxidation of the metal and of the atmosphere, and 
to volatilisation of metal, particularly in the case of zinc-bearing 
alloys such as brass. In the case of mild steel electrodes the fumes 
produced have been proved over many years to be harmless. For 
maintaining a clean, healthy atmosphere, however, the extraction 
of all fumes is recommended as they are produced even in the case 
of mild steel. For this purpose a general extraction system should be 
installed such as the one seen in the workshop already illustrated 


Fig. 11. Welder's gloves. 


(Fig. 8). An individual hose leading to the collecting main is seen 
in Fig. 14, and Fig. 15 illustrates the efficiency with which fumes 
can be removed by such a system. The rate of extraction is between 
600 and 700 cub. ft./min. through each flexible hose and this has 
proved very satisfactory for all electrodes up to } in. diameter. 
The slight escape of fumes when using larger electrodes can readily 
be tolerated in the case of mild steel. 


Where electrode coatings contain fluorides, which is the case 
with austenitic steels, nickel, Monel metal and some other non- 
ferrous metals, it is essential to prevent the welders and others 
breathing the fume-contaminated atmosphere. The same applies 


Welder wearing “Antipoys,’’ mate wearing spectacies. 
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where the metal being arc welded or cut is either galvanised, 
painted near the weld aiea, or has a high chromium content, as 
for instance the austenitic and ferritic stainless steels. In these three 
cases, extraction or alternatively welding only in the open air, 
should be compulsory. Electrodes for all these materials rarely 
exceed jj in. or perhaps } in. in diameter, so that the 600-700 cub. 
ft./min. suction rate is again sufficient. 


The one case where fumes have proved too heavy to be adequately 
extracted is the arc cutting of stainless steel with an oxygen stream 
passing through the arc. This operation is best carried out in the 
open air, the operator wearing an “Antipoys” breathing apparatus 
as already described in connection with emergency work in closed 
vessels (Fig. 12), or one of the “Orinasal” pattern which leaves the 
eyes and upper part of the face free. An operator so equipped is 
seen cutting 18/8/Ti austenitic stainless steel in Fig. 16. Fumes 
from the powder cutting processes for stainless steel are also 
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Fig. 13. Exhaust fan extracting spent air from tank wagon. 


Fig. 15. Welding fumes removed by extraction. 


Fig. 14. Suction hose and collecting main for fume extraction. Fig. 16. Using “Orinasal"’ type “Antipoys"’ when arc cutting 18, 





June, 1950 


very pronounced and special ventilating arrangements must be 
made. 


VY. PROVISION FOR WORKING OFF THE GROUND 


Most supervisors seem to fail to realise that a welder wearing 
goggles or a helmet is virtually blind to his surroundings and that 
when using a handshield he has both hands occupied. These two 
facts make it essential to provide thoroughly sound access plat- 
forms for all welding operations in the field or at heights in 
buildings. The ideal is a tubular scaffolding with floors, toeboards 
and handrails, but even a scaffolding with less elaborate auxiliaries 
is infinitely preferable to the single plank so often found as the 
only support for a welder on an outside job. Should a bosun’s 
chair or similar arrangement be the appropriate method of access 


Fig. 17. Light insulated connections with rubber cover. 


it is essential to take steps to prevent any sway, since good welds 
cannot be made by a welder not firmly supported. 


Protection against wind and weather is also essential not only 
to achieve comfort for and hence good workmanship from the 
welders, but also to prevent any weld metal being deposited on wet 
parent metal. How important is protection from the weather was 
shown some years ago in a new power station. Welded pipe joints 
made before the power house was enclosed were unaccountably 
proving of poor quality. Eventually it was realised that protection 
for the welders was all that was required and the desired joint 
quality was then achieved. 


In the case of welds in storage tanks the adoption of Vees or 
U’s facing inwards instead of outwards is a step in the right 


Fig. 18. All-insulated electrode holder. 


direction, since protection is then provided to a large extent by the 
tank itself while the greater part of the welding is being carried out. 


VI. PRECAUTIONS AGAINST ELECTRIC SHOCK 


When welding with a D.C. generator set working an open 
circuit voltage of 45-65 volts, danger of shock is slight, but when 
using A.C. transformer sets with voltages between 80 ard 100 volts 
and hence peak values between 113 and 142 volts on ‘>= welding 
or secondary side, the danger is quite pronounced. This is more 


Fig. 19. Protected type electrode holder. 
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particularly when working in wet weather or wet plant conditions. 
Several precautions can be taken to achieve safe working, as 
follows:— 

1. Use of high quality T.R.S. covered welding leads and constant 
attention to them to ensure undamaged insulation 
throughout. 

. The use of weld insulated connectors, such as the rubber- 
sheathed type seen in Fig. 17. 

. The adoption of either all-insulated (Fig. 18), protected 
(Fig. 19), or, for currents up to about 200 amps, switched 
electrode holders. Welders’ leather gloves are not sufficient 
protection against shocks. 

. Installing a relay device to reduce the voltage on the electrode 
holder when welding is not in progress. 

. Efficient earthing of the work being welded, the earth connec- , 
tion being on the work itself and the earth cable of adequate 
section. In this connection particularly, reference should 
be made to the Factory Department “Memorandum on 
Electric Arc Welding,” Form 329, of which the fourth 
edition was issued by H.M. Stationery Office in 1945. 


It must also be remembered that the cables carrying current either 
to the motor of motor/generator sets or to the primary winding 


Fig. 20. Lifting baskets for fuel gas cylinders. 


of transformer sets will be at voltages between 200 and 500 volts. 
To prevent accidents these cables and the connections to the 
mains and the sets must be of thoroughly sound construction, the 
cables must be in one piece without intermediate connectors and 
should be of the armoured and screened type. A cable not of this 
type was on one job trapped in a steel door which was thus raised 
to the mains voltage 230 volts A.C. A man touching the door to 
open it received a severe shock which would have been avoided 
by the use of screened cable. 


In all cases the cables, both from the mains supply and from the 
sets to the welders should be as short as possible and should be 
placed so as to be clear of passageways, stairs, roadways and the 
like, where they would frequently be damaged. r 


Vil. DANGERS IN THE USE OF INFLAMMABLE GASES 


1. General 


Probably the most general danger arises when such gases are 
being used for operations in confined spaces and then chiefly 
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through blowpipes with leaky valves being left in such spaces when 
not in use. The remedy here is obvious and a ruling that all gas 
welding and cutting equipment must be removed from closed tanks 
and vessels when not alight should be strictly enforced. Where 
there is any likelihood of inflammable gas being present in a 
space, it should be treated as already described for petrol tanks and 
similar vessels. 


The other obvious danger is that of fires in shops due either to 
leaky cylinder valves, or to direct burning of clothes and other 
inflammable material by blowpipe flames, or to blow-backs from 
blowpipes setting alight the rubber connecting hoses. Cylinders 
with leaky valves detected by smell, should not be left in a shop; 
hoses should be maintained in first-class condition, and inflammable 
matter kept to a minimum. A fire extinguisher should be available 

«in every welding shop. 


2. Exposure of Fuel Gas Cylinders to Heat 


Acetylene or other fuel gas cylinders may become heated in 
several ways. The most obvious sources of heat are braziers or 
hot sun in the open and heating apparatus indoors. Another cause 
of heating is the careless habit of hanging a lighted blowpipe by 
its tubes on the cylinder or cylinder trolley. All such heating 
should be avoided at all costs, since overheated cylinders can be a 
very real danger. For instance, acetylene in a cylinder, if heated to 
100° C., begins to polymerise and to rise rapidly in temperatuie 
with the dange of explosion. If a cylinder is hot to the touch, this 
process has probably started and it should be taken into the open 
immediately and the valve opened slightly. Then it should either be 
submerged in water or sprayed with a hose pipe continuously 
until it cools off, which may take a few hours. 


Again, rubber hoses carrying fuel gas and oxygen should never 
be coiled round a fuel gas cylinder. An accident occurred a little 
time ago due to this cause. A severe blowback from a cutting blow- 
pipe set the tubes alight and they in turn so heated the cylinder of 
propane being used that it exploded with fatal consequences, being 
propelled along the floor of the workshop like a projectile. The 
cylinders should be “handled with care and to avoid slinging it is 
advisable to construct lifting baskets to suit each type of cylinder 
(Fig. 20). If these various points are borne in mind, fuel gases in 
cylinders can be used with the utmost safety. 
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3. Generated and Dissolved Acetylene 


Before using acetylene generators it is advisable to study care- 
fully the Factory Department ** Memorandum on Safety Measures 
required in the use of Acetylene Gas and in Oxy-Acetylene Pro- 
cesses in Factories,” Form 1704, published by H.M. Stationery 
Office in 1946. 


The explosive range of acetylene is very wide, all mixtures from 
2 per cent. to 82 per cent. being of an explosive nature, hence the . 
area round a generator must be treated as a danger area. No 
naked lights must be used and, in fact, in generator houses no 
electrical apparatus is allowed; illumination must be from outside 
through windows. 


The hydraulic backpressure valves always used at each welding 
or cutting point fed from a generator must be in correct working 
order, since othe:wise a blowback may carry the flame to the 
generator itself, probably causing a very serious explosion. 


Lastly the use of copper or brass in contact with acetylene, either 
generated or fed from cylinders, is a danger in that, when in 
contact with acetylene, these metals will form copper acetylide, an 
extremely explosive compound. 


4. Oxygen if in Contact with Oil or Grease 


Oxygen is not, of course, an inflammable gas, but the one vital 
point to be remembered is that the combination of oxygen with 
oil or grease is highly explosive. All welders and personnel in shops 
repairing oxygen apparatus, such as cylinder valves, regulators, 
connecting pipes, blowpipes and breathing apparatus, must be 
made fully aware of this fact, so that no oil or grease whatever 
is used where it may later come in contact with oxygen. 


CONCLUSION 


It might be deduced from reading this paper that welding and 
flame cutting are very dangerous operations. The fact is that many 
potential hazards exist, but that danger can be reduced to negligible 
proportions by the provision of good apparatus and protective 
equipment and by making all welders and others working in welding 
shops familiar both with the hazards and the means of countering 
them. 
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everdur,. was notably hot-short, thus it was necessary to avoid 
high stressing during temperature conditions. A light peening of 
the weld was useful, starting at red heat, as this process broke 
down the large crystals. 

Mr. S. H. Griffiths, opening the discussion on the paper, said 
that even mild steel, generally regarded as easily weldable, proved 
difficult on occasions, and he suggested that although the overall 
analysis of the plate might be correct, there could be uneven 
distribution of impurities such as localisation near the plate edges. 
This could adversely affect the weld. 

In reply to Mr. Howard Thompson, who asked whether the 
difficulties of welding aluminium alloys were likely,to be overcome, 
Mr. Mitchell did not think this likely for the metallic arc process, so 
far as the existing alloys were concerned. 

Mr. C. Hadley said that everdur was easily resistance welded. 
Mr. Mitchell agreed and stated that it was also readily weldable 
by the carbon arc process. : 

Replying to Mr. Colin Spencer, who asked how wrought iron 
could best be welded with the metallic arc, the author stated that the 
slag content was the main trouble, but it was not difficult using 
mild steel electrodes and welding across—not with—the grain 
of the plate. 

A vote of thanks was proposed by Mr. C. Spencer and seconded 
by Mr. A. H. Briscoe. 

After presenting his report for the Session 1949-50 at the fifth 
annual general meeting held on 12 April, 1950, Mr. E. Flintham 
relinquished the office of Branch Secretary, which he had occupied 
continuously since the Branch was inaugurated. 

To mark the sincere appreciation of his past work, and as a 


tangible reminder of his success in setting the Branch on firm 
foundations, a grandmother clock, with Westminster chimes, 
was presented to him by the President, Mr. Howard Thompson, 
as a gift from all members of the Branch. The clock bears the 
following inscription: 
“Presented to Eric Flintham, Esq., by members of the 
Institute of Welding, Wolverhampton Branch, on relin- 
quishing the Secretaryship, 27th September, 1944, to 
12th April, 1950.” 

Responding, Mr. Flintham said that he had truly enjoyed the 
work he had done as Secretary, but felt that after such a long 
period in that position he should step down for a successor who 
could introduce new ideas and perhaps extend the scope of the 
Branch. He had no wish for the Branch to become static, or to be 
known as “Flintham’s Branch,” and he also felt that having done 
much of the spadework he had earned a rest and could now settle 
down as an ordinary member of the Branch, although he had 
been asked, and had agreed, to accept nomination for Committee 
during the next session. 

Following the Annual General Meeting, two films were shown: 
“Stud Welding” by courtesy of Crompton-Parkinson Ltd., and 
“The Manipulation of Corrosion and Heat Resisting Steels” by 
courtesy of Firth-Vickers Ltd. There was also a. distribution of 
tins of fat to members, this being the fourth consignment sent to 
the Branch by the New Zealand Institute of Welding. 

it was decided that the Branch should contribute from its No. 2 
Account a donation to the Lord Mayor of London’s Thanksgiving 
Fund in appreciation of these practical gifts from the New Zealand 
Institute. 
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WELDING IN BOILERS 


By S. H. GrirrirHs, M.Inst.W., A.I.M.* 


The immense advances in the design of boilers made possible by the application of many welding processes during the 

past half century are emphasised and illustrated in this paper, read to the Institute at the Spring Meeting in 

Wolverhampton. The author also describes a typical piece of industrial research, gives striking figures of the savings 

of material resulting from the substitution of welding for riveting and sketches the techniques employed in pipeline 
welding, stud welding and the production of industrial flooring by projection welding. 


INTRODUCTION 


HE use of welding in the construction of various types of boilers 

and their components has shown numerous changes in the last 
twenty to thirty years, not only in the development of particular 
processes, but in the application of specialised processes, such as 
Submerged Arc, Metallic Arc, Gas Welding, Stud Welding and 
Resistance Welding to boiler making. The purpose of this paper 
is not to describe these particular processes in detail, but rather 
to indicate where their application has affected the design and 
development of boilers and economy of material. 


FORMING PLATES 


It is necessary before welding can commence to prepare the 
plate edges and form the plates to the desired shape. The limiting 
factor when producing a heavy boiler shell is not necessarily the 


ability to produce welds in heavy plate, but the capacity of the 
forming machinery to produce a cylinder from a flat plate. 


Fig. 1 illustrates a set of rolls with the latest design features; 
they are 20 ft. long and weigh 190 tons. 


The capacity so far as plate thickness is concerned varies accord- 
ing to the diameter, length of plate, type of material, etc. However, 


* Chief Metallurgist and Research Engineer, John Thompson 
Ltd. Group. 


this plant will.cover all requirements for water tube boiler drums, 
which run up to plate thicknesses of approximately 4 in. 


WELDING OF LANCASHIRE BOILERS AND 
WATER TUBE BOILER DRUMS 


Metallic Arc Welding 


The techniques of both automatic and manual metallic are 
welding have been described on many occasions, and it is not 
intended in this paper to describe them in any detail, but just to 
emphasise the increasing tendency in modern plants to manipulate 
the work mechanically wherever possible. 


Submerged Arc Welding 


The first Unionmelt plant in this country was installed in the 
Works of John Thompson Ltd. in 1938, and has beén in continuous 
operation since. The experience gained during this period has 
been incorporated in a new plant, which is illustrated in Fig. 2. 


The U type head is seen in the foreground mounted on a boom 
for entering cylinders for the inside pass. The standard M type 
head is in the background. The installation was designed and 
built for the welding of pressure vessels up to 15 ft. diameter. 
The head is carried on a gantry which can be raised or lowered by 
electric motor to suit any particular work. 


The work is carried on an electronically controlled carriage, 


Fig. 2. General view of the new Unionmelt machine. 
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capable of infinitely variable longitudinal speeds between 0 and 
100 in. per minute, and for the circumferential seams the carriage 
has rotary movement again infinitely variable between 0 and 
36 in. per minute (Fig. 3). 


Adjacent to the M head is the internal or U -head, which incor- 
porates many features identical with those of the M head 
equipment. (Fig. 4.) 


Both machines are completely controlled and operated from a 
panel situated on a platform raised sufficiently high to permit 


Fig. 3. Unionmelt work carriage and bus bar for M head. 


Observation of the area. Incorporated in each machine are 
duplicate controls for setting up purposes, i.e. inching the wire, 
carriage and head movements, thus allowing these movements 
to be controlled from the welding position. 


With latest Unionmelt methods two techniques are available 


for the welding of heavy plate:—(1) Multi-run (Fig. 5), and (2) 
Double-run (Fig. 6). 


RESEARCH 


When considering alternative methods for the fabrication of 
boiler parts, various items must be considered, i.e. economic 
advantages, improvement in design and service under all working 
conditions that can be encountered. To this end and before changes 


Fig. 4. U Type head equipment. 


5S. Macro section of a weld in 3 in. thick ith the 
Fig. plate produced w 


Macro section of a weld in 3 in thick plate made by the double-run 
method. 
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can be made from orthodox riveted design to, say, welded fabrica- 
tion, full investigation of all these factors must be carried out 
under conditions simulating those encountered in working and then 
on prototypes under actual working conditions. 


To give some idea of the magnitude of the type of research 
undertaken, some investigational work carried out in the John 
Thompson Works for comparisons between riveted and welded 
Lancashire Boilers may be described. 


It was desired in this case to simplify the manufacturing process 
of Lancashire type boiler flues by substituting metallic arc welded 
joints for the existing circumferential Adamson riveted joints. 
Since the Adamson joint is considered to permit low stress adjust- 
ment of the flue in the longitudinal direction, whereas the butt 
welded joint might be presumed to be more rigid, investigation into 
the stress conditions in flues was necessary, and the primary object 
of this particular investigation was to determine the type of longi- 
tudinal stress in boiler flues when under steam, that is, whether 
the flues are in tension or compression, the value of the stress 
and deformation at the working pressure of the boiler, It was also 
desired to ascertain the actual behaviour of Adamson joints and 
of the corrugated units, in so far as longitudinal movements and 
stresses are concerned and their effects on the overall conditions 
in flues. 


Method 


To measure detailed strain and movements in a boiler under 
steaming conditions is very difficult. It was decided to investigate 
closely such effects on an orthodox riveted Lancashire boiler and 
on a completely welded boiler of similar type and size under cold 
hydraulic pressure. Then by the subsequent determination of 
metal temperature differentials between flue and shell of a boiler 
under steam, when calculations of the expansion effects due to 
these had been carried out, it would be possible to deduce the 
natare and the value of the siress in flues under steam. 


Work was carried out on three boilers and the following table 
summarises the differing forms of construction, particularly the 
varying arrangements of the flues in so far as plain and corrugated 
units are concerned and the number of Adamson joints in each. 


It is interesting to compare the three designs. The absence of 


Fig.%. Riveted boiler (old type) 30 ft. x 9 ft. 3 in. 


Table 1. Summary of Construction of Test Boilers 


Boiler Construction and Tests 


A. Riveted. .Cold pressure... ei Length 
Diameter 
Thickness 
Thickness ends .. 


B. Welded (flues riveted to ends). Cold | Length .. 
pressure Diameter 
Thickness 


Details of Flue Construction 
Two Flues thus per Boiler 


| Dinmeter froat . 3 ft. 9 ia. o/é. 
‘ -. 3ft.4in, of. 
_’ Fivex2 ft. 9 in. long 


3 ft. 3 in. i./d. 

Ten x2 ft. 3 in. long - 

es 
‘en 


The three boilers detailed in Table 1 are illustrated in Figs. 7, 8 and 9. 
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laps and Adamson joints gives the welded boiler clean lines, the 
aesthetic quality of which makes a ready appeal to the eye (cf 
Figs. 10 and 11). 


Fig. 11. Welded Lancashire boiler. 


The movement over Adamson joints and corrugste« "'n.ts was 
measured with Berry Extensometers with 4-in. geuge length. 
The overall movement of fives and shell was measured in relation 
to fixed end frames with dial gauges. Strain measurements were 
made with electric strain gauges. The arrangement of the test is 
shown in Fig. 12. 


Fig. 12. General arrangement of the test rig. 


INSTITUTE OF WELDING June, 195 


Conclusions 


A complete and detailed account of the actual experimental 
work undertaken, and the results obtained would be out of place 
here, but the conclusions reached, particularly as they supply 
comparative results between the riveted and welded methods 
of construction, may be of interest. 


(a) When under steam, Lancashire boiler flues are in longitudinal 
and transverse compression. 


(b) Where Adamson joints are replaced by welded joints it is 
demonstrated that the excess of temperature extension. (causing 
longitudinal compression) over pressure extension (causing tension) 
is definite and of a value which ensures that such flues are under 
compression in service. 


(c) The resultant +strain- equivalent in terms of stress in the 
longitudinal direction of: flues may reach a value of over 5 tons 
per sq. in. Such indicated stresses are reduced in value by the 
inherent flexibility of the corrugations and Adamson joints. 


(d) It was shown that in “breathing effect” one 8-ft. length of 
corrugated unit is equal to at least four Adamson joints on the side 
of the flue next to the shell and approximately 28 Adamson joints. 
on the side of the flue remote from the shell. 


(e) A longitudinal tensile stress may develop in the flues when 
under steam, with the fires banked down. This is due to the 
reduction or absence of temperature differential between flues and 
shell. Such stress would not exceed the maximum value obtained 
when under cold hydraulic pressure. 


(f) Movement observation during cold hydraulic pressure tests. 
shows that the completely welded boiler strains in a uniform 
manner. The riveted boiler twists considerably, particularly in so- 
far as the shell is concerned. 


CORROSION 


It cannot be too strongly emphasised that chemical corrosion 
troubles, such as caustic cracking, just cannot occur in welded shell 
boilers or drums. On the other hand, with riveted construction, if 
the feed water is not suitable or in the presence of alkaline feed 
waters, under certain conditions caustic cracking may occur. 


While it occasionally happens, it is fortunately not a common 
occurrence. 


The reason for this, which appears to be fairly well established, 
is that several factors are necessary to produce the required con- 
centration of alkali. For instante, there must be a slight leak to- 
atmosphere or into a space or void between superimposed plates, 
such as can exist in riveted seams made with butt straps. Another 
factor is that a variable stress must be present. Therefore, it seems 
that three conditions are necessary:— 


(1) An alkaline boiler water. 
(2) A leak of the right dimension. 
(3) The correct type of stress in the vicinity of the leak. 


Fig. 13 illustrates by magnetic mapping the extensive nature of 
the caustic cracking which can occur in a shell plate in a riveted 
butt joint, when the water and other conditions have been 
appropriate. 


Fig. 13. Magnetic test record of caustic cracking in a riveted joint. 
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ECONOMY OF MATERIALS 


In the report of a special committee appointed by the President 
of the Institute of Welding and published in the Institute's 
Transactions for February, 1949 (“Economy of Steel and Cast Iron 
by Welding”), a statement by Mr. J. R. Thomas gave particulars 
of comparative figures for the weight of steel in a riveted Lancashire 
boiler and a welded one of similar design. 


A criticism that could be made at the time was that if full 
advantage had been taken of the higher efficiency of the welded 
joints, the plate thicknesses on the welded boiler could have been 
reduced, which would have resujted in a still greater economy of 
material. Changed conditions now permit full use to be made of the 
higher joint efficiency, and comparative figures are given in Table 2 


between a welded and a riveted Lancashire boiler of similar size. 


Table 2. Comparison between a Riveted and a 
Welded Lancashire Boiler of Similar Size 


Size : ip 
Working pressure .. 
Test pressure 

Plate thickness 

End thickness 

Flue thickness 


30 ft. long « 8 ft. 6 in. dia. 
180 Ibs./sq. in. 

320 Ibs./sq. in. 

Riveted { in., welded 23/32 in. 
1% in. 


Riveted § in., welded } in. 


Tons. Cwts. Qrs. 
Riveted Lancashire boiler (finished weight) 26 2 
Welded aa a os 20 0 


Lbs. 


Total saving over riveted boiler .. 6 


Percentage saving: 23-3 per cent. 


In the case of water tube boiler drums advantage cannot be 
taken of the higher joint efficiency, because other factors have to 
be taken into consideration, principally the efficiency of the 
ligament between the tube holes, and the saving stated by 
Mr. J. R. Thomas of 22 to 24-3 per cent. still holds good. A typical 
example is quoted in Table 3. 


Table 3. Comparison between Riveted and Welded 
Water Wall Drums of Similar Size 


3 ft. i./d. x 30 ft. long 
1% in. 
Riveted | in., welded 12 in. 


Size ap 
Plate thickness 
End thickness 


Tons. Cwts. 
Riveted water wall drum (finished 
weight) .. oa ie iz 
Welded water wall drum (finished 
weight) .. a3 o« sé 6 14 


Qrs. Lbs. 


8 18 





Total saving over riveted drum 2 3 


Percentage saving: 24-51 per cent. 





The economy in material due to the absence of butt straps, 
overlaps and rivet heads is obvious, but there is another aspect 
to consider, and that is the cost of fabrication. The advantages 
here are greater with the riveted type of construction, in spite of 
the use of more economical methods of fabrication due to welding, 


Mechanical tests of the parent material are common to both 
types of construction, and therefore need not be considered. A 
riveted boiler on completion is subjected to hydraulic test only, 
while a welded boiler on completion of welding is thermally 
stress-relieved, mechanical tests are taken representing the welded 
seams both longitudinal and circumferential, and there is full 
radiographic examination of all the main seams. When these are 
all considered, it is not difficult to understand why a riveted boiler, 
although it is technically inferior to the welded boiler, holds its 
own in the market today. 


The only suggestion that can be made is that the authorities 
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pioducing standards and codes of practice should reconsider their 
requirements in certain cases, where an unnecessary margin of 
safety appears to be demanded. 


Stress-relieving by heat treatment is a large item in the cost, and 
there is need for research into its need and value in many types of 
welded fabrication. 


PIPELINE WELDS 


Pipelines are an essential feature of all boiler plant, and it is 
desirable that the lengths of pire should be joined in such a way 
as to produce joints indistinguishable in properties and appearance 
from the remainder of the pipeline. Of all the forms of jointing, 
welding approaches most nearly to this ideal state of affairs, and 
the 1e>lacement of heavy forged flanges by the welded butt joint 
is rapidly increasing. 


Heavy forged flanges. 


Fig. 15S. Welded butt joint. 


Heavy forged flanges are illustrated in Fig. 14, and a butt weld 
in a pipe of the same dimension in Fig. 15; the material saved is 
shown in Table 4. 


Table 4. Comparison of Weight of Material in 
Forged Flanges and Butt Weld 


103 in. o./d. pipe, # in. thick wall 
Flanges 17} in. o./d., 3} in. thick. 
16 14 in. diameter bolts. 

Weight of forged flanges 

Weight of bolts 


Weight of weld metal and backing ring - 


3074 Ibs. 


Saving in weight by welding 


Percentage saving = 97 per cent. 
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There are two common methods of making Class 1 welds in 
high pressure steam pipelines:— 
(1) the plain butt joint (Fig. 16), 
and (2) the butt joint with an internal backing ring (Fig. 17). 
The plain butt joint is naturally the method that recommends 
itself for general use, although if metallic arc welding is used, 
full control of penetration at the root of the weld in all positions has 
not yet been achieved, whereas the technical difficulties of ensuring 
complete and good root penetration by the oxy-acetylene process 
have for some time been overcome. 
The use of the oxy-acetylene process for welding the full thickness 
of the joint is naturally limited to the smaller tube diameters and 
wall thicknesses, i.e. up to ¢ in. 


ULLAL SSS 


ee 


VLA SSS 


Fig. 16. The Plain Butt Joint. 
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Fig. 17. Butt Joint with internal backing ring. 


Metallic Are with Oxy-Acetylene Base Run Technique 

It is fairly easy for an oxy-acetylene welder to make a weld 
tin. or & in. thick at the bottom of a butt weld groove, even in quite 
heavy walled pipes, providing he is given the correct pipe prepara- 
tion, which is illustrated in Fig. 18. é 

After the base bead is made by the oxy-acetylene process, the 
remainder of the weld can be completed by metallic arc welding 
(Fig. 19). 


Fig. 18. Pipe end preparation for oxy-acetylene base run technique. 
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Fig. 19. Macro-Pipe weld-Metallic arc on oxy-acetylene base run. 


Metallic Arc with Backing Ring 


Metallic arc welding with a backing ring has the advantage 
that assembly is easier, but it has the disadvantage that the ring 
reduces the bore of the pipe, offering some resistance to flow, 
and there is inevitably a fine annular space between the ring and 
the pipe wall. This may cause preferential attack due to corrosive 
media in the fine annular space, although this is unlikely because 
the products of corrosion would very soon seal off such a small 
space, thus preventing further attack. 


Radiography of Pipe Joints 


If X-rays are used for the non-destructive examination of pipe 
joints, particularly under site conditions, the apparatus must 
obviously be portable, robust and readily manceuvreable. 


QFAn X-ray plant set up on a pipe joint is shown in Fig. 20. 


Fig. 20. X-ray plant set-up for pipe joint examination. 


WRAPPED Film 


Sees teases 


VZZZLZAA LANZA 


GAMMA RA4T 
SOuRCE 


Mn 
/IA\\\ 
nat \\\ 


en WRAPPED FILM 


Fig. 21. Method of using Gamma-rays. 
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No X-ray set meets all these requirements, and Gamma-tays 
have found a definite application for this work. The use of radon 
for pipe joints or other radio-active isotopes is increasing. The 
technique is fairly simple and the process has the advantage that 
only one wall of the pipe has to be penetrated instead of two, 
when X-rays are used. The set up for Gamma radiography is shown 
in Fig. 21. 


The radon seed is introduced inside the pipe through a smal! 
hole near to the weld, the films are placed on the outside and the 
whole circumference of the joint is taken in a single exposure, 
thus compensating for the greater time necessary for the Gamma- 
rays to penetrate the pipe wall as compared with X-rays. 


By this method radiographs have been produced in 6-in. diameter 

. sd _ . 1 . : . 

pipes with walls } in. thick and } in. thick backing ring, i.e. a 

total thickness at the weld of ~ in., which had a sensitivity equal to 

1 per cent. of the thickness and definition comparing favourably 

with those obtained by X-rays using the double wall method, which 
was the alternative. 


Small Bore Tubes 


The practice for small bore tubes differs from that for the larger 
pipes, both in the method of welding and in the type of test 
carried out. 


In modern high efficiency boilers of the forced circulation type, 
large elements are built up from lengths of tube by joining with 
the oxy-acetylene process. The use of backing rings is impossible 
in tubes of about 1} in. o./d., as they would seriously impede the 
flow, but it is just as necessary to obtain complete penetration at 
the root of the weld. A typical element is illustrated in Fig. 22. 


rh \\\ 
YEAPAVA TARA 
LQ 


Fig. 22. Typical tubular elements in combustion chamber walls. 


For test purposes a steel ball is blown through the element to 
ensure that the root penetration has not been excessive and that 
flow will be unimpeded, after which up to 3 per cent. of the joints 
may be chosen at random by the Inspecting Authority, cut out and 
subjected to destructive testing. 


The joints chosen are diagonally sectioned, and one half is 
polished and macro etched (Fig. 23). 


In the other half a tongue is cut } in. wide, which is bent through 
115° over a former with a diameter equal to 3T, T being equal to 


Macro of tube weld. 


WELDING IN BOILERS 


Fig. 24. Typical tube weld bend test. 


the wall thickness of the tube. The root of the weld is in tension, 
and for a weld made completely from one side this is a very severe 
test, though competent welders can make consistently satisfactory 
weids in all positions. 


Fig. 24 illustrates a typical bend after test. 


STUD WELDING 


Studs are used for the fixing of many of the fittings, and the use 
of stud welding has replaced the older methods of drilling, tapping 
and screwing in of studs, though extensive tests were carried out 
and approval was obtained from the classification societies before 
this method was adopted. 


Tests on Studs 


For the purpose of approval 10 studs in each size to be used were 
welded in similar positions to those used in fabrication, and then 
submitted to tensile tests, bending by hammering and torsion tests, 
while sections were taken through studs chosen at random, for 
macro and micro examination. The notable feature about these 
tests was that failure in every case occurred in the stud away from 
the weld. 

The series of hammered bend tests is shown in Fig. 25, in which 
} in., § in., and ? in. diameter studs are seen after test. 


A fairly typical macro-section of one of the larger diameter studs 


(} in.) is shown in Fig. 26. 


Welded studs—Hammered bend tests in | in., 
} in. diameter studs. 


\ in. and 
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Fig. 26. Macro section through | in. diameter stud. 


Economic Advantages 


While it cannot be claimed that by using stud welding a large 
saving in material can be made, the saving in time is considerable 
and a typical example of this was the fitting of studs inside a water 
tube boiler drum for securing the baffle plates, which was as follows: 


Time for drilling and tapping each stud hole 20 minutes 
Time for stud welding .. oe a IES 3 
Saving in time .. ie ae te rear | 


In addition to the saving in time, of course, there is the advantage 
that the thickness of the plate is not reduced or penetrated at any 
point resulting in local weakness. 


INDUSTRIAL FLOORING—PROJECTION WELDED 


The submerged arc, metallic arc, oxy-acetylene and stud welding 
processes have been mentioned, but use is made of other processes. 
One is resistance welding, used for the production of industrial 
flooring, which is required extensively in the galleries and floors 
of boiler houses, where a non-slip surface adds to the safety of those 
who work on the boiler, while the open nature of the flooring 
admits light and gives good ventilation. 


Flooring was originally developed for boiler installation, but 
has since proved popular for many applications, such 2s grain 
silos, where the lorries may run on to the flooring to unload, 
the grain falling through the flooring into a hopper below. Another 
use is for car and lorry washing installations, where a runway 
of industrial flooring allows mud, water, etc., to run through to 
the drains beneath. 


The flooring is formed from strip steel, straight bars being 
interspaced with wave form bars and projection welded at the 
points of contact to form a honeycomb section. The projections 
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PROVECTION * weiDs 





Fig. 27. Industrial fooring—Method of assembly and position of 


projection welds. 


are formed on the waved spacing strip, and are assembled one 
each side of the main straight bars (Fig. 27). 


The welding machines used are flat-topped projection welders, 
the tops of which are lined up with an assembly table, so that 
the flooring mats may be easily and conveniently moved for 
making the welds. The transformers are of 60 K.V.A. capacity, 
adequate in size for the heavy duty cycle involved in producing 
these mats on a piecework basis. Automatic valve timers are used. 
for controlling the weld duration, and the machine is pneumatic- 
ally operated. The working heads, electrodes, etc., are of massive 
construction. Fig. 28 illustrates a battery of these machines. 

Welded flooring has been developed from the riveted original, 
and-has of course proved considerably stronger and lighter. 





WELDING IN BOILERS 
PROGRESS 
A final comparison is shown in the last two illustrations. 


Fig. 30 shows a mobile boiler, built in 1894, of riveted manu- 
facture, comprising a vertical boiler 7 ft. « 3 ft. 3 in. with two cross 
tubes and shell thickness & in. The vertical seam was double 
riveted and the working pressure was 80 Ibs./sq. in. There was a 
coal bunker 3 ft. 6 in. x2 ft. 8 in. 2 ft. 6 in. and a galvanised 
water tank. 


For comparison, Fig. 31 illustrates a mobile boiler built in 1942 
for use with mobile power stations in war-devastated areas. The 
trucks normally run on railway lines, but the illustration shows a 
bogey mounted on road wheels as a .temporary means of trans- 
porting the boiler to the docks by road. 


The boilers were designed to give a normal evaporation of 
16,750 Ibs. of steam per hour actual, and contained many welded 
features of all-welded fabrication, such as welded boiler drums 
and tubular elements, welded tanks, ducting, casing and all-welded 
undercarriage. As a protection against the weather each truck 
was covered by a stout canvas shrouding mounted on welded 
tubular supports. This example, though in many respects some- 
what novel, illustrates the enormous progress that has taken place 
in the last fifty years in design and methods of construction, in 
which welding has played such a great part. 
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BRANCH ELECTIONS 


Officers and Committees for 1950-1951 


Below are the results of the elections in 
the Institute’s Branches for officers and 
committees for 1950-51, so far as is known 
at the time of going to press: 


Birmingham 


Chairman: R. E. G. Weddell. 

Vice-Chairman: R. J. Fowler, 
A.M.LStruct.£., A.M.1.Mech.E. 

Hon, Treasurer: W. T. Tothurst. 

Hon, Secretary: C. L. Railton. 

Hon. Publicity Secretary: J. G. Williams. 

Committee: E. V. Beatson, E. C. Davies, 
A.M.L.E.E., D. A. Impey, M.A., W. R. 
Jones, F. G. Rout, E. Storey, E. Trafford 
Willey, M.L.Struct.E. 


B.Sc., 


Eastern Counties 


Chairman: C. McL. Cameron, 
Mech.E. 

Vice-Chairman and Hon. Treasurer: H.R. 
Hicks, A.M.1.Mech.E., A.M.LP.E. 

Hon. Secretary: A. C. Stokes. 

Committee: F. H. C. Biggs, W. Dunn, 
J. A. Edwards, E. N. Farrer, A.M.1.Mech.E., 
A.M.1.P.E. (ex-officio), A. T. Heath, A.M.1. 
Mech.E., J. Lewis, I. McGregor, S. E. 
Meggitt, Assoc.Eng., A.M.LC.E., M.1. 
Struct.E. 


M.I. 


East of Scotland 


President: C. M. Grant. 

Chairman: J. Stoddart, A.M.1.Mech.E. 

Vice-Chairman: F. G. Bennet, M.1.E.E., 
A.M.1.Mech.E. 

Hon. Secretary: R. M. Young. 

Hon. Treasurer: E. R. Roberts, A.M.I. 
Mech.E. 

Committee: R. D. Berry, W. A. Borrow- 
man, M. P. Henzell, A.M.I.E.E., A.I. 
Mech.E., R. N. Low, A.M.1.Mech.E., 
H. R. McKinstry, A. Robertson. 


Liverpool 


President: G. Davenport, A.I.N.A. 

Chairman: W. Connerton. 

Vice-Chairman: J, C. Wilson. 

Hon. Treasurer: A. E. Griffin. 

Hon. Secretary: H. R. Cox, M.1.N.A. 

Hon, Assistant Secretary: David G. 
Jones. 

Committee: J. W. Day, G. A. O. 
Pridgeon (ex officio), W. E. Pople, A. G. 
Tregaskis, T. S. Williams, G. Woodfield. 


Manchester 


Chairman: H. St. G. Gardner, 
M.LE.E., A.M.1.Mech.E. 

Vice-Chairman: H. E. Lardge. 

Hon. Treasurer: W. L. Mclvor, A.M.1. 
Mech.E. 


B.Sc., 


Hon. 
Mech.E. 

Hon. Correspondents: J. A. Wright, 
B.Eng., A.M.1.E.E., L. Morgan. 

Committee: R. Bushell, R. E. Exton, 
J. R. Ferguson, A. E. V. Grosvenor, 
E. J. Heeley, A.Met., F.1.M., I. H. Hogg, 
A.M.L.E.E., A.M.I.Mech.E. (ex-officio). 


Secretary: 1. C. Fitch, A.M.1. 


North London 


President: B. C. Little. 

Chairman: H. V. Hill, M.Sc., A.M.1L.C.E., 
A.M.1.Struct.E. 

Vice-Chairman: E. Ryalls. 

Hon. Secretary: B. W. Silverwood. 

Hon. Treasurer: E. Phillips, B.Sc. 

Hon. Programme Secretary: C. R. 
Thatcher. 

Committee: S. P. Bennett, M.Inst.B.E., 
W. J. Brook, A. T. C. Burrows, B.Sc.(Eng.), 
A.M.I.Mech.E., C. A. Burton, C. E. 
Campbell, L. C. Perciva!, B.Sc., B.Met., 
F.1.M., R. R. Sillifant (ex-officio). 


Portsmouth 


President: Eng. Rear Admiral A. K. 
Dibley, C.B., M.1.Mech.E. 

Chairman: A. C. Hart. 

Vice-Chairman: R. Anscomb, O.B.E. 

Hon. Treasurer: W. T. Farmer. 

Hon. Secretary and Librarian: J. W. R. 
Dunn, M.LS.I. 

Committee: F. A. Betts (ex-officio), 
H. W. P. Coles, W. D. Dawson, W. J. 
Laskey, A. A. Lockyer, A. A. Miller, H. 


Milne. 


South London 


President: 
Mech.E. 

Chairman: W. K. B. Marshall, B.Eng. 

Vice-Chairman: E. F. Burford. 

Hon. Treasurer: A. R. Moss, A.M.1. 
Mech.E. 

Hon. Secretary: A. J. Elliott, 
A.C.G.L, A.M.LC.E. 

Hon. Programme Secretary: W. L. 
Hinton. 

Committee: L. L. Arundel, H. J. L. 
Greenaway, A. J. Hipperson, B.Sc., 
R. A. Iddon, J. F. Lancaster, B.Eng.. 
L. A. Lidstone, E. J. Marsh, B.E.M., 
J. A. Matthews, M.1.M.E., M.1.Mar.E. 
(ex-officio). 


E. Seymour Semper, M.lI. 


BSc., 


South Wales 

Chairman: G. W. Cragg. 

Vice-Chairman: W. Burley. 

Hon. Secretary: G. H. Taylor. 

Hon. Treasurer: S. Woolway. 

Committee: to represent East Wales— 
W. A. Baines, B.E.M., R. Chapman, R. 
Cragg, T. Herbert, C. R. Smith, G. H. 


Thomas; to represent West Wales—J. Cree, 
A. V. R. Hooker, A.M.LC.E., A. Lovering, 
J. Noakes, S. Walker, 1. Webborn. 


South Western 


President: J. Carr, M.B.E., 
A.M.L.E.E., A.M.1.Mech.E. 
Chairman: |. B. Ford. 
Vice-Chairman: J. Hathaway. 
Hon. Secretary: W.H. Y. Masters. 
Hon. Treasurer: A. Gilliard. 
Hon. Correspondent: G. F. Gregory. 
Committee: C. D. Coates, E. R. Fellows 
(ex-officio), L. Hays, J. H. Payne, G. Wall, 
O. H. Willey. 


M.C., 


Tees-side 


Chairman: E. G. Clark. 
‘ice-Chairman: F. Cox. 

Hon. Secretary: F. G. Batchelor. 

Hon. Treasurer: R. H. Pearson. 

Committee: F. Blakeborough, G. Boyd, 
R. G. Crowe, J. W. Jackson (ex officio), 
A. E. Jones, D. T. Smout, H. M. Thomp- 
son, S. Walker. 


Tyneside 


Permanent Vice-President: N. M. Hunter. 

Chairman: J. Dorrat, M.1LE.E. 

Vice-Chairman: C. Stephenson, M.C., 
M.N.E.C.LE. & S. 

Hon. Vice-Chairmen: J. A. M. Polson, 
M.N.E.C.LE. & S., D. G. Sinfield. 

Hon. Secretary: T. S. Nicol. 

Committee: J. P. Allen, A.M.N.E.C.LE. 
&S., N. Daniel, G. Elston, W. G. Greena- 
way, J. Henderson, A.M.1.Mech.E., 
G. M. L. Logie, A.M.L.P.E., M.N.E.C.LE. 
& S., C. White. 


West of Scotland 


President: Sir Maurice E. Denny, Bt., 
K.B.E., S.B., M.1.C.E., M.I.N.A. 

Chairman: J. Orr, B.Sc., Ph.D., 
Mech.E., M.I.E.S. 

Vice-Chairman: H. Martin. 

Secretary and Hon. Treasurer: P. W. 
Thomas, B.Sc.(Eng.). 

Committee: A. N. Clark, W. Heigh, 
Cc. J. G. Jensen, B.Sc., J. Jones, E. H. 
Lochhead, R. Walker. 


M.I. 


Wolverhampton 


President: Howard J. Thompson, M.I. 
Mech.E. 

Chairman: C. Spencer. 

Vice-Chairman: J. H. N. Thompson, 
M.C., B.A., M.1.Mech.E. 

Hon. Treasurer: S. H. Griffiths, A.1.M. 

Hon, Secretary: J. R. Thomas. 

Hon, Publicity Secretary: L. C. Dipper. 

Committee: F. J. Daniels, L. Dann, 
E. Fellows, E. Flintham, C. A. Hadley, 
C. H. Onions (ex-officio), F. Jukes, H. Scott 
Jeffs. 
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Latest Additions to the Library 


AS a supplement to the Library catalogue, this section of the Tran 


sactions contains particulars of books and pamphlets 


added to the Library during the second quarter of this year. The books, pamphlets and periodicals specified are 


available on loan to members of the Institute. 


Publications preceded by an asterisk are donations to the Library from authors or publishers; those preceded by a 
dagger are donated by the James F. Lincoln Arc Welding Foundation. 


*ALUMINIUM DEVELOPMENT ASSOCIATION 


(a) Proceedings at a Symposium on aluminium alloys 
in ships, London, Sth April, 1949. (b) The application 
of aluminium and its alloys to passenger road service 
vehicles, 1949. (c) The properties of aluminium and its 
alloys. Illus. 3rd ed. 1949. Publishers: Aluminium Development 
Association, 33, Grosvenor Street, London, W.!. Price: (c) !/-. 


AMERICAN WELDING SOCIETY 


Welding handbook. 3rd ed. 1950. Publishers: American 
Welding Society, 33, West 39th Street, New York, 18. Price: 
13 dollars outside the U.S.A. 


ARMSTRONG, T. N. 


Impact tests of pressure vessels at —320° F. (Reprinted 
from Welding Journal, 1949, Jan.) 


*BATES, C. C. 


Metallic arc underwater welding of mild steel. |.—Introduction, 
applications and equipment. 2.—Electrodes and deposits. 
3.—Technique and functions. (Reprinted from ‘Shipping World,” 
1950, Jan. 11, Feb. 1, and Feb. 22). 


*THE BRITISH ELECTRICAL AND ALLIED MANU- 
FACTURERS' ASSOCIATION 


Thirty-ninth annual report, 1949-50. 1950. Publishers: 
British Electrical and Allied Manufacturers’ Association, 36, 
Kingsway, London, W.C.2. 


BRITISH STANDARDS INSTITUTION 


(a) No. 759-1950.—Valves, gauges and other safety fittings 
or land boiler installations. (b) No. 1123-1950.—Valives, 
gauges and other safety fittings for air receivers and 
compressed air installations. (c) No. 1616-1950.—Alu- 
minium electrodes for arc welding. (d) CP. 321-102-1950.— 
Code of practice: installation and maintenance of elec- 
trical machines, transformers, rectifiers, capacitors and 
associated equipment. Publishers: British Standards Institu- 
tion, 24/28, Victoria Street, London, S.W.!. Price: (a) 3/-; 
(b) and (c) 2/-; (d) 4/-. 


*BRITISH WELDING RESEARCH ASSOCIATION 


(1) T.20.—Heat treatment of welded constructions in 
mild steel. (Reprinted from Welding Research, vol. |, 1947, June). 
(2) T.21.—Recommended practice for the spot welding 
of low carbon mild steel sheet. (Reprinted from Welding 
Research, vol. 2, 1948, Oct.) (3) Spot welding of mild steel: 
slide rule. Publishers: British Welding Research Association, 
29, Park Crescent, London, W.1!. Price: 1/6 each. 


“BRITTAIN. J. V. (Editor) 


The Welding Review Year Book, 1950. (Contains data on 
all welding and allied processes. A weldability guide is repro- 
duced from “Weldata’”’ published by Thos. 4 Headland Led. 
Information is also given on the aims and activities of the 
British Welding Research Association, the Institute of Welding, 
the Welding Sections of the British Electrical and Allied 
Manufacturers’ Association, and on the training courses 
for operators, supervisors and designers held at Murex Weld- 
ing Processes Ltd.) Publishers: Engineering Trader Ltd., Morley 
House, 26-30, Holborn Viaduct, London. E.C.1. Price: 8/6; 
by post 9/-. 


CANADIAN MACHINERY AND MANUFACTURING 
NEWS 
Vol. 61, March, 1950, to date. Publishers: Maclean-Hunter Pub- 


lishing Co. Ltd., 481, University Avenue, Toronto 2, Canada. 
Annual subscription: 5 dollars. 


CLASON, C. B. 


Welding and = fumes: health and the welder. 
(Reprinted from Welding Engineer, 1949, Oct. and Nov.) Publishers: 
Lincoln Electric Company, Cleveland |, Ohio. Price: 25 cents. 


*DUMMELOW, J. 


Metropolitan-Vickers Electrical Co. Ltd.: 1899-1949. 
Illus. 1949. (This comprehensive volume has been issued to 
commemorate the Golden Jubilee of the Company.) Publishers: 


Metropolitan - Vickers Electrical Co. Ltd., Trafford Park, 
Manchester, 17. 


THE ENGINEER AND FOUNDRYMAN: JOURNAL 
OF THE IRON AND STEEL ENGINEERING INDUSTRY 
OF SOUTH AFRICA 
Vol. 14, Oct. 1949, to date. Publishers: The Engineer and Foundry- 
man, 13th Floor, 159, Annan House, Commissioner Street, 
Johannesburg ; London Representative: Walter Judd, 47, 
Gresham Street, London, E.C.2. Annual subscription: 15/6. 


FEILD, A. L., BLOOM, F. K., and LINNERT, G. E. 
Progress report on development of armor welding 
electrodes (OD-36-2): the effect of variations in 
chromium-nickel ratio and molybdenum content of 
austenitic (20 Cr-10 Ni) electrodes on properties of 
armor weldments. (U.S. National Research Defense Committee 
NRC-2R.) Illus. 1943. (Photostat.) Publishers: U.S. Government 
Printing Office, Washington, D.C. 


HIPPERSON, A. J., and WATSON, T. 


Resistance welding in mass production. Illus. 1950. (An 
outcome of a series of articles on resistance welding contributed 
to Welding” during the years 1947-48. The basic principles 
underlying spot, seam, projection, flash and butt welding, 
and hot riveting are explained, together with the scientific 
application of each process to mass production. The concluding 
sections deal with control equipment for resistance welding; 
recommended machine settings; testing and inspection of 
welded joints; and costs. The —e contains 27 references 
and there is an excellent index.) Publishers: Iliffe & Sons Ltd., 
Dorset House, Stamford Street, London, S.E.1. Price: 21/-. 


INSTITUTION OF CHEMICAL ENGINEERS AND 
SOCIETY OF CHEMICAL INDUSTRY 


Symposium on particle size analysis, Feb. 4, 1947. Pub- 


lishers: Institution of Chemical Engineers, 56, Victoria Street, 
London, S.W.1. Price £2 2s. 


“INSTITUTION OF PRODUCTION ENGINEERS and 
INSTITUTE OF COST AND WORKS ACCOUNTANTS 
Joint Committee: interim report on measurement of 


productivity. 1949. Publishers: Macdonald & Evans, 8, John 
Street, Bedford Row, London, W.C.1. Price: 1/6. 


INTERNATIONAL ASSOCIATION FOR BRIDGE AND 
STRUCTURAL ENGINEERING 


Third Congress, Liegé, 13-18 September, 1948, final report. 
1949. Publishers: International Association for Bridge and 
Structural Engineering, Zurich. Price: £5 Ss. 
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*JAEGER, H. E. 
ideeén omtrent problemen welke kunnen ohn 


fram “Schip on Wert 13 1950, Jan., no. 1.) 


*KEEL, C. G. 


Uber die Entwicklung never Zusatzstabe fiir die Auto- 
| ong sere se mig von Stahl. (EMPA Bericht Nr. 175.) 
950. Publishers: Eidgendssische Materialpriifungs- und Ver- 
suchanstalt fiir Industrie, Bauwesen und Gewerbe, Zurich. 


*KERENSKY, O. A. 
Use of high tensile (low alloy) steels in bridges: recent 
in British practice. 1949. (Reprinted from 
Vol. 7 of Publications of the International Association for Bridge 
and Structural Engineering.) 


+JAMES F. LINCOLN ARC WELDING FOUNDATION 


Arc welding. (Equipment, procedure, lap, fillet and butt 
welds, corner and edge welds, welding cast iron and high- 
carbon steel, hard surfacing and arc cutting, shop exer- 
cises.) Publishers: James F. Lincoln Arc Welding Foundation, 
Cleveland |, Ohio. Price: 25 cents. 


*LLOYD'S REGISTER OF SHIPPING 
Electric arc welding: list of electrodes approved for 
poy construction. March, 1950. Publishers: Lioyd's Register 
hipping, 71, Fenchurch Street, London, €.C.3. 


MILLER, G. L. 


Molybdenum: production, properties and applications 
(Reprinted from Metal Industry, 1949, Nov. |! and 18.) 


MOLLOY, E. (Editor) 


Gas welder's tables and data. 1950. Publishers: George 
Newnes Ltd., Tower House, Southampton Street, London, 
W.C.2. Price: 5/-. 


*MORRISON, A. 


Rad y with Cobalt-60. lilus. 1949. (National Research 

Council of Canada, No. 2010.) (Cobalt-60, which provides a gamma- 

ray source less costly than radium, is available in units of greater 

_ activity, so that shorter exposure times are possible. Data are 

given on its physical properties, preparation of exposure 

graphs, techniques, handling and storage.) (Reprinted from 
“Nucleonics,”” Dec., 1949.) 


*MUREX WELDING PROCESSES LTD. 


Electric arc welding manual. Vol. 11.—Metallurgy. 1950. 
(The subject is treated with special reference to the causes 
of the varying responses of metals to welding operations in 
Feasts and arc welding in particular, with sections on the 

following: cast iron, wrought iron and mild steel, high-tensile 
and alloy steels, corrosion and heat-resistant steels, hard 
facing alloys, non-ferrous metals, shrinkage stresses and 


cracking, mechanical and non-destructive testing.) Publishers: 
me elding Processes Ltd., Waltham Cross, Herts. Price: 
/6. 


*NATIONAL RESEARCH COUNCIL OF CANADA.— 
PHYSICS DIVISION 


NRC. No. 2008.—Material required to gpd out radio- 
uf with Co or radium, 1949; by A. Morrison. 
IRC. 2009.—Exposure graphs of radium radiography 
of steel, 1949; by A. Morrison. NRC. 2025.—Working 
ork ther of tools for handling radioactive sources, 1949; 
rison and K. J. Parry. NRC. 2026.—Shi = 
and handling of cobalt 60, 1949; by K. J. 
Publishers: National Research Council of Canada, Gunae, 
Ontario, Canada. 


ROLLASON, E. C. 


Metallurgy for engineers, 2nd ed. 1949. (A factual summary 
of the metallurgy of ferrous and non-ferrous metals, first 
— in 1939. Additional matter includes: an account of 

le fracture of carbon steel and its relation to low-tempera- 
ture properties and the Izod test; further data on creep; 


form and arrangement of atoms in metals and alloys; an intro- 
duction to ge r indices and ternary equilibrium diagrams; 
fundamentals of heat treatment as depicted by “S-curves” 
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powder metallurgy; sigma phase in stainless and gas turbine 
steels. The sections on mesium and welding have been 
rewritten.) Publishers: Edward Arnold & Co., 41 and 43, 
Maddox Street, London, W.!. Price: 16/-. 


*RURAL INDUSTRIES BUREAU 


Leaflets: (1) Arc welding course teed mild steel. (2) Arc 
welding repairs to parts. (3) Choice 
of electrodes for arc ome seen plant. (a) Dit Direct current 
petrol engine driven mobile welding sets. (5) Metallic 
arc-welding of cast iron (6) Safety when arc-welding. 
7) Single-phase transformer arc welding sets pln ata 
.C. (8) Use of petroleum gases for a 
heating in place of dissolved acetylene. |949. (Typed ones.) 
Address: Rura! Industries, 35, Camp Road, Wimbledon, 
London, S.W.19. 


SCHAPER, G. 


Stahlerne Briicken. Band |, Teil |. 1949. (This is the 7th 
edition revised and enlarged by K. Briickner and E. Ernst.) 
Publishers: Wilhelm Ernst & Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf. For sale at Lamge, Maxwell and Springer 
Ltd., 41-45, Neal Street, London, W.C.2. Price: 31/6 paper 
covers; 36/- bound. 


SUDASCH, E. 


Schweisstechnik. Illus. 1950. (A comprehensive textbook on 
all welding and allied processes, with data on the welding of 
mild, alloyed and clad steels, castings, non-ferrous metals, and 
plastics. Sections follow on stresses and distortion; calculations 
for welded structures; and estimating welding costs. The 
volume contains 457 illustrations and the bibliography 533 
references.) Publishers: Carl Hanser; Verlag, Miinchen 27. 
Price: £2 19s. 6d. 


“TIN RESEARCH INSTITUTE 


Equilibrium data for tin alloys. |949. Publishers: Tin Re- 
search Institute, Fraser Road, Greenford, Middlesex. Price: 
2/6. 


THE WELDING BULLETIN 


C.1, 1948, ajn.-March, to date. Publishers: Acetone Illuminating 
& Welding Co. Ltd., Box 149, Napier, New Zealand. 
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AMERICAN BRAKE SHOE COMPANY 


AMSCO welding products: selector and comparison 
chart. 1949. Address: 230, Park Avenue, New York, 17. 


AMERICAN BRASS COMPANY 


Anaconda weiding rods and procedures: tobin bronze, 
gga bronze, Everdur, manganese bronze, low fum- 
ng, copper, super-nickel, economy bronze, and other 
alloys. Illus. 1949. Address: Waterbury 88, Connecticut, U.S.A. 


APPLEBY-FRODINGHAM STEEL COMPANY 


Low alloy high tensile steels. Illus. 1949. (Range of steels 
manufactured by the Company; properties; applications; 
weldability.) Address: Scunthorpe, Lincolnshire. 


BRITISH ELECTRICAL AND ALLIED MANUFACTURERS’ 
ASSOCIATION (INC.) 


BEAMA catalogue, 1949-50. (Contains account of BEAMA 
aims and activities; list of members; members’ products listed 
under (1) power plant, (2) industrial equipment, which in- 
cludes arc and resistance welding plant and electrodes, (3) 
domestic applications and appliances; buyers’ guide). Address: 
36 and 38, Kingsway, London, W.C.|. 


JOHNSON, MATTHEY & CO. LTD. 


Mallory resistance welding. Illus. 1949. (Contains sections 
on properties of peepee’ be electrodes; data on all resistance 
welding processes; a useful guide to the spot weld = of similar 
and dissimilar materials; redressing electrodes; electrode 
holders). Address: 73-83, Hatton Cotden. London, E.C.1. 
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THE BRITISH OXYGEN 
COMPANY LIMITED 


LONDON AND BRANCHES 


TRANSACTIONS OF THE INSTITUTE OF WELDING 


The de Havilland Engine Co. Ltd., are obtain- 
ing very successful results on the welding of 
Stainless Steel and Aluminium alloys, using 
the B.O.C. Argonarc Process. The inert 
gas Argon acts as a shroud and protects the 
weld from atmospheric oxidation. Since no 
flux is required, the problem of flux removal 
and subsequent corrosion is eliminated. The 
concentrated heat effect of the tungsten arc 
reduces distortion to a minimum. 
For welds of higher quality and better finish 
in Stainless Steel, Aluminium, Magnesium 
etc., use the B.O.C. Argonarc process. 
Apply to the nearest B.O.C. Distict Sales 
Office for illustrated leaflet giving details 
of the latest B.O.C. Argonarc Equipment. 
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STRONG, COMPACT, RELIABLE 
UNITS, SCIENTIFICALLY DESIGNED 


THE GENERAL ELECTRIC CO. LTD... MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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So far as manufacture is concerned, 

the name is of little account, as 
they all involve circumferential weld- 
ing in one form or another. The 
photo shows the welding of return- 
able oil drums, made up with cope 
bar reinforced ends, the shell end 
covers and reinforcing bars being 
homogeneously fused and welded in 
one operation at speeds unattainable 
by other than automatic processes. 


x * * 


Even though your problem differs from 
that given above, you may have a 
problem concerned with the manu- 
facture of AIR RECEIVERS, BOILERS, 
CONVEYORS, CHASSIS MEMBERS, GIRD- 
ERS, STEEL MASTS, STEEL DECKING, 
PIPES, TUBES,- TANKS, WHEELS, or 
possibly the building-up of worn sur- 
faces on WAGON WHEELS, SHAFTS, 
MINING AND CONTRACTORS PLANT, efc. 
Whatever the job, we shall be happy to 
advise you on fabrication by welding, 
upon receipt of full details. Mean- 
while, we can assure you that whatever 
you may be making by welding, if 
it’s a suitable application 


FUSARC LTD. - Department C.668 - TEAM VALLEY, GATESHEAD-ON-TYNE, 11 
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Gossamer union... 


The spider holds the secret of 
spinning fine threads and 
joining them together at 
great speed, to form a web- 
construction of great strength. 


B.1.G. hold the secret of manu- 
facturing the best gas-welding 
blowpipes ever thought of by 
man. 


With these tools your construc- 
tion problems will disappear. 





welding blowpipes 


eo) 


Head Office: 32 VICTORIA STREET, LONDON, S.W.! 
Telephone : ABBey 6082/3 and 4 
London 5 E9. Tt : Amberst 5443/4 
wonks nese : Richonond Rowe’ Trafford Park, Manchester, 17. oameees Trafford port 1041/2 
Liverpool: Fleming Road, Speke, Liverpool, 19. Telephone: Hunts Cross 1212/3 
Glasgow: Queen Eli Ave., Hillington, Glasgow, $.W.2 Telephone: Halfway 165! 








INTRODUCING Talk to 
OUR LATEST PATTERN your foreman 


WELDING & CUTTING ||2o4t 


BLOWPIPE SIFBRONZE 
wth NEW HANDGRIP suanx | | Stronzetsessentiailyacopper- says 


zinc al! of au €om- 

socktion’ that i different and WILL THE WELDER 

su to an eg oly of 

me he oe for ao 

welding. It is easy to use and 

will give strong compact welds 

free from any trace of porosity. 

It will increase efficiency and 
up work, Talk to r 





Also talk to your draughtsmen, 25 

your technicians and r 

maintenance engineers 
ronzing, 


CATALOGUE ON APPLICATION TO 


THORN & HODDLE LID., 
151, VICTORIA STREET, LONDON, S.w.! | | SUFFOLK IRON FOUNDRY (1920) LTD 


SIFBRONZE WORKS, STOWMARKET Phone: Stowmarket 183 (3 lines) 
Telephone: VICTORIA 3373 Telegrams: INCANTO, SOWEST, LONDON 
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Association Notes 


Recommendations for the Metal-Arc Welding 
of Butt Welds in Steel Pipelines for 
Power Plant 


The recommendations cover the butt welding, by the metal-arc 
process, of steel pipelines of wall thickness from 8 s.w.g. and of 
diameters exceeding 2 in. O.D. By the methods recommended, 
pipelines varying from these limits up to 13 in. O.D. and wall 
thicknesses reaching 1} in. have been successfully constructed for 
working pressures up to 2000 Ib. per sq. in. and working tempera- 
tures of 540 deg. C. (1000 deg. F.). The parent materials considered 
include mild and medium carbon steels; molybdenum, chrome- 
molybdenum, and molybdenum-vanadium alloy steels to certain 
defined specifications. 


The A.C. Argon Arc Process for Welding 
Aluminium The Oscillographic Analysis of 
the Application of a Commercial High 
Frequency Spark Injector Unit. 


In this report results are given of applying electromagnetic and 
cathode ray oscillographic recording techniques to the study of 
certain electrical parameters in the a.c. Argon are process for 
welding aluminium. The nature of the output from a commercial 
high frequency spark oscillator unit such as commonly used in 
practice is considered here in relation to its application to this 
process. 

The output from such a unit is not continuous but consists 
of “grouped series” of sparks separated by “dead” periods in 
which sparks are absent. It is shown both experimentally and also 
from a consideration of the nature of this output, that it is a 
matter of considerable importance to the success of the welding 
process, that these injected spark groups should be correctly 
phased relative to the main welding current, i.e., that correct 
phase adjustment should be made between the input supplies to the 
high frequency spark unit and the welding transformer. 

The time durations of the phenomena involved were of the order 
of a microsecond for individual sparks, a millisecond for the 
interval between individual sparks, 6 milliseconds for the spark 
groups and 4 milliseconds for the “dead” period between successive 
spark groups. From a study of the oscillographic data together 
with the corresponding weld test runs, it was found that the 


optimum relative phasing for successful welding was such that the 
middle of the spark group occurred just after the welding current 
reached zero. 

Correct phasing eliminated half cycle rectification when working 
to a work piece of an Al-5°%Mg alloy, at an open circuit welding 
voltage of 60V r.m.s. Change of the relative position results in 
variation in the time delays to arc re-ignition in half-cycles of 
reverse polarity (work piece negative). Such delays had a marked 
influence on current asymmetry, quite apart from the asymmetry 
which is normally present in the tungsten-aluminium arc unless 
special steps are taken for its prevention. In these investigations 
the reverse polarity current decreased by some 30 per cent. per 
millisecond delay from the instant of current zero to the arc 
re-ignition. 

Effects are also noted consequent on changing the work plate 
material from an Al-5 Mg alloy to commercially pure aluminium, 
whilst the surface condition of the former was also found to 
influence results. The differences in behaviour were reflected in the 
oscillograms. 

Some attention is also given to operational adjustments to the 
spark injector unit, bearing on its efficiency in promoting satis- 
factory welding; whilst a simple switching method is described for 
obtaining optimum phasing of the inputs to the high frequency 
spark injector unit and the welding transformer, for satisfactory 


welding. 
New Members 


The following new Members have been elected :— 
Bayliss, Jones & Bayliss Ltd. 
British Electricity Authority 
British Messier Ltd. 
Elliott Bros. (London) Ltd. 
Husband & Co. 
Mathew Hall & Co. Ltd. 
National Coal Board 
The Projectile and Engineering Co. Ltd. 
Thomas Hedley & Co. 
Welding Rods Ltd. 


Annual General Meeting 


The Fifth Annual General Meeting of the Association is to 
be held at the Research Station, Abington, near Cambridge, on 
the 13th July, 1950. 
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R.57 


Recommendations for the Metal Arc Welding of Butt. Welds 
in Steel Pipelines for Power Plant 


1. FOREWORD 


The successful welding of circumferential butt joints in pressure 
pipelines by the metal-arc process necessitates special techniques 
in order to achieve consistent and satisfactory penetration without 
either the formation of cracks at the base of the welds or the 
formation of icicles protruding into the bore of the pipe. 


As a means of giving consistent penetration and root fusion, 
two main methods are available. The first method involves the 
use of a backing-ring which may be retained as part of the final 
joint or may be removable, and the second method involves the 
use of a base run of weld metal deposited by the oxy-acetylene 
process. : 


The methods given in this memorandum are the best generally 
available at the present time, but there are indications that the 
adoption of special techniques or specially trained workmen may 
enable backing-rings or oxy-acetylene base runs to be dispensed 
with. Any such proposal should be very carefully investigated to 
verify that welds made in all positions will pass consistently the 
test requirements of this memorandum. 


2. SCOPE 


These recommendations are applicable to butt welds in pipelines 
of wall thicknesses from 8 s.w.g. and of diameters exceeding 
2-in. outside diameter. By the methods recommended, pipelines 
varying from these limits up to 13-in. outside diameter and wall 
thicknesses reaching 1? in. have been successfully constructed for 
working pressures up to 2000 Ib. per sq. in. and working tempera- 
tures of 540° C. (1000° F.). Butt welds in piping of similar sizes 
and for similar conditions have also been constructed by the 
oxy-acetylene process throughout (see Memorandum T.5).* 


The oxy-acetylene process generally will be found more suitable 
for the smaller pipes up to approximately 4 in. outside diameter 
and ¢ in. wall thickness. Above these sizes and thicknesses, oxy- 


acetylene welding becomes trying and uncomfortable for the. 


welder owing to the large amount of heated metal, and it is 
recommended that metal-arc welding be used to the limit of its 
capabilities. 


3. PARENT METAL 

The parent metal may be wrought or cast material of the 

following types:— 

(a) Mild steels conforming to the requirements of B.S.S. 806 for 
the duty of the pipeline being welded, or mild cast steel to 
Grade (i) of B.S.S. 592, with a maximum carbon content of 
0-25 per cent. ; 

(6) Mild steels of 0-25-0-3 per cent. carbon content. Medium 
carbon steel with a maximum carbon content of 0-4 per cent. 

(c) Molybdenum steel with a molybdenum content of 0-4- 
0-6 per cent. and a carbon content not exceeding 0-3 per cent. 

(d) Chrome-molybdenum steel with a chromium content not 
exceeding 1-5 per cent., molybdenum content not exceeding 
0-6 per cent. and carbon content not exceeding 0-25 per cent. 

(e) Molybdenum-vanadium steel with a molybdenum content 
of 0-5-0-6 per cent., vanadium 0-25-03 per cent. maximum, 


* These recommendations are based on the manufacture of 
many pipelines for a variety of service conditions, together with 
large numbers of tests on joints, carried out by members of the 
FE.10 Committee. 


and a carbon content of 0-12 per cent. maximum. Experience 
in this class of steel is somewhat limited, and for the time 
being it is recorftmended that a rather more exhaustive series 
of tests should be made on typical pipe welds before com- 
mencing production. 


4. WELDING METHODS 
Welding may be carried out by any of the following methods:— 


(A) Metal-arc welding with a permanent steel backing-ring 
which may be either of mild steel or of the same com- 
position as the pipe. 


(B) Metal-arc welding with a base run deposited by the 
oxy-acetylene process. 


(C) Metal-arc welding with a steel backing-ring that can 
be removed when welding is completed. 


(D) Metal-arc welding where conditions of access allow an 
internal run at the root of the weld. 


Methods (C) and (D) are particularly applicable to the welding 
of long-neck flanges. 


(A) Metal-Arc Welding with Permanent Internal 
Backing-Ring 
(i) Form of Backing-ring. Backing-rings of the forms shown in 
Figs. 1-11 have been prepared for this method of welding. Plain 
rectangular rings of the type shown in Fig. 1, with the maximum 
projection into the bore, are not suitable as they interpose an 
increased resistance to flow. Backing-rings fitting tightly into 
machined recesses with square or sharp corners, or of such a shape 
as to restrict longitudinal contraction (Figs. 2-5), are not to be 


SINGLE 
BASE RUN 


eg eS EES 


Figs. 1-5. Types of backing ring not recommended. 
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generally recommended as they increase the tendency to basal 
crack formation unless a sufficiently wide gap is adopted to allow 
of two base runs. 


Recommended types of backing-rings are shown in Figs. 6-10; 
those with a central groove are suitable for pipes over 6 in. bore. 
A ring of the form shown in Fig. 11 may also be recommended 
providing the gap is wide enough to enable two base runs to be 
laid as shown. 


The backing-ring should fit closely to the bore of the pipe all 
round, and to achieve this, the pipe should be internally machined 


SINGLE 
BASE RUN 
AS IN FIG.6 


DOUBLE BASE 
RUN 


ee. 


Figs. 6-11. 


Recommended backing rings. 


or sized as described under Clause (iii) (a). Backing-rings may be 
rolled from strip to the circumferential form, or may be machined 
from pipes of suitable dimensions. A good fit may be achieved 
with a machined ring by a split in the ring to allow the ring to 
spring into the pipe. The gap between the ends of the fitted ring 
should not exceed 4 in. 


Backing-rings should be made from mild steel with a sulphur 
content not exceeding 0-06 per cent. maximum, since a high or 
segregated sulphur content of the backing-ring may produce 
defects at the base of the weld. Backing-rings, if desired, may be of 
the same material as the pipe. 


Copper backing-rings have been used, but are not recom- 
mended owing to the danger of pick-up of copper by the weld metal. 


(ii) Tacking of Backing-rings. To prevent dislodgment of the 
backing-ring during erection of the piping, the backing-ring may, 
if desired, be tack welded at intervals or continuously round the 
bore of the pipe (see Fig. 12). 


(iii) Preparation of Pipe Bends. 


(a) Sizing of Pipes.*—The bores at the ends of adjacent’ pipes 


* In the case of ordinary Bessemer steel piping, the expansion 
or drifting by cold expansion should be restricted to a maximum 
of 1 per cent. of the pipe diameter. 


Fig. 12.—Method of tacking in backing ring. 


should match and the clearance between the backing-ring and 
the bores should not be more than »; in., preferably less, at any 
point. It is recommended that where practicable the sizing and 
rounding of the pipe ends be carried out by machining. 


For pipes up to 4 in. wall thickness, the bores can readily 
be made circular and sized by expanding or drifting without 
subsequent machining, by cold expansion to not more than 
3 per cent. of the diameter, and by hot expansion where the 
diameter is to be increased more than 3 per cent. In the case of 
the molybdenum, chrome molybdenum and molybdenum vanadium 
steels, the temperature of the metal should not exceed 650 deg. C., 
the temperature being checked by a suitable pyrometer. 


Pipes with wall thicknesses greater than $ in. may be sized by 
machining the internal surface. At no point on the circumference 
should the wall thickness be reduced appreciably below the 
minimum wall thickness of the pipeline. Some slight reductions 
in wall thickness may be permitted if care is taken to ensure that 
the weld reinforcement adequately compensates for such 
occurrences. 


Where machining of the smaller of two adjoining pipes would 
reduce the final wall thickness appreciably below the allowable 
minimum, the smaller bore pipe should first be drifted or expanded 
before finally machining. 


In the case of cylindrical backing-rings, the bore should be 
parallel and truly circular for a distance of half the width of the 
backing-ring plus 4 in. from the pipe end, the parallel portion 
to run out at an angle of less than 5 deg. to meet the inner pipe 
wall (see Fig. 13). In the case of taper backing-rings, the machined 
taper should run out directly into the pipe bore at an angle not 
greater than 10 deg. The sizing and machining of the bores should be 
carried out before bevelling the pipe ends. 


(b) Bevelling of Pipe Ends.—Table I gives recommended prepara- 
tions for bevelling of the ends of pipes. 


The form of groove may be a plain vee with a root face 


PIPE END BEVELLED WHEN 
MACHINING OF BORE COMPLETED 


LESS 
THAN 4%" 


Fig. 13.—Details of pipe ends showing machining of bore. 
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Table I 


Root Face Gap Weld Groove 





Not more de” 
than 4” | minimum 


Plain vee (Fig. 14) 


#" and over | Not more *’ 


than 4” | minimum 


Plain vee (Fig. 14). 
Dougle-angle vee (Fig. 15) 
U-groove (Fig. 16) 


fx” and over ty” te” 
using tapef minimum 
backing- 

Ting ; 


Plain vee (Fig. 


il and 
Fig. 17) j 





(Fig. 14) a vee with double-angle (Fig. 15) and a U with lips at the 
base (Fig. 16). 


To facilitate welding of vertical pipes, the angle of bevel may be 
varied if desired in any particular case to give a larger angle at the 
end of the upper pipe than at the lower pipe, as shown in Fig. 18. 


(iv) Preheating —Preheating is desirable according to the 
dimensions and type of material of the pipes. The recommendations 
are given in Table II. 


= 


FOR’t” LESS THAN /6", GAP 942 MIN 
FOR"t” ¥2” AND OVER,GAP 346”MIN 


Fig. 14. Plain Vee for use with backing ring 
(all thicknesses of piping). 


20° 
% 


af 


Fig. 15. Double angle vee for use with backing ring 
(pipes over 4 in. thick). 


R 


+ Bic MIN 


Fig. 16. U-groove for use with backing ring 
(pipes over } in. wall thickness). 


Table II 


Parent Metal Thickness | Temp. for Preheat 





(a) Mild steel) up to 0:25 per 


) Up to ?” 
Mild steel, cent. C. 


Over } 


*Optional 
200° C. minimum 


(5) Mild steel, 0-25-0-3 per All 
cent. C, thicknesses 
Medium carbon steel up to 
0-4 per cent. C. 


200° C. minimum 


(c) Molybdenum steel 
Molybdenum steel 


Up to }” 
Over }” 


*Optional 
250° C. minimum 


(d) Chrome-molybdenum steel All 250° C. minimum 


thicknesses 


(e) Molybdenum-vanadium All 
steel thicknesses 


280° C. minimum 


* In very cold weather, a minimum temperature of 50° C. 


should be adopted. 


(a) Method of Preheating.—Preheating may be carried out by:— 
(1) Gas rings or muffle furnaces. 
(2) Electric resistance preheaters. 
(3) Induction heating. 
(4) Oxy-acetylene or other gas torches. 


The choice of method is dependent on local conditions. So long 
as the equipment maintains satisfactory temperature distribution 
and does not interfere with the welding operation, all these methods 
are acceptable, but it must be noted that method (4) involving 
the use of gas torches should be restricted to pipes up to approxi- 
mately 4 in. bore, as on the larger diameters uniformity of tempera- 
ture is too difficult to achieve. 


(6) Temperature Measurement.—-The temperature of preheat 
should be determined by a base-metal thermocouple welded or 
securely attached to one of the pipes. For horizontal pipes, the 
thermocouple should not be more than 2 in.-2$ in. from the groove 
at one or both sides of the joint. For vertical pipes, the thermo- 
couple should be at the lower of the two pipes, not more than 
2 in.-24 in. from the edge of the groove preparation. Temperature- 
indicating paints or crayons may be used, bearing in mind that 
there may be a time lag and that one paint or crayon will not 
indicate how much the minimum temperature is exceeded, and 
some types of crayons will not show, once the temperature has 
been reached, that this temperature is not being maintained. In 
these cases, the paint or crayon has to be re-applied if continued 
temperature observations are to be made. 


(v) Electrodes.—It is recommended that only those coated 
electrodes should be used which have been found by experiment 
to deposit weld metal of the quality necessary to meet the test 
requirements specified later. 


For the molybdenum and chrome-molybdenum steels an 
electrode depositing weld metal containing 0-4-0-6 per cent. 
molybdenum should be used. In some cases it is not essential that 
the electrode should contain chromium when welding the chrome- 
molybdenum steels. As a further safeguard against basal crack 
formation on these alloy steels, it is sometimes found advantageous 
to deposit the first run using good-quality mild steel electrodes. 


(vi) Sizes of Electrodes and Amperages. 


The size of electrode and current to be employed for all but the 
first run is governed by two factors:-— 


(a) The skill of the welder in controlling the electrode per- 


formance. (For positional welding the greater the skill 
the larger the size of electrode that can be controlled.) 
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Table Il 


Run Size Current 





10 s.w.g. or 4” diameter 


First run 90-120 amps. 
Subsequent runs} 10 90-120 

8 ; 140-175 

6 160-250 

4 240-350 

2 300-450 





Fig. 17. Preparation of groove for use with taper backing ring 
(pipes over $ in. wall thickness). 


Fig. 18. Joint preparation for vertical pipes, using backing ring. 


(b) The position of the pipes. (For heavy-wall pipes that can be 
rotated, the largest gauge of electrode specified can readily 
be used.) 


(vii) Welding Technique.—The deposition of weld metal on the 
backing-ring at the base of the groove may be made in one run, 
as in Fig. 6-10. The technique of forming the base weld in two 
runs, as given in Fig. 11, is permissible when the joint design 
has been specifically prepared for this technique. The base run 
or runs should be carried out with little or no weaving of the 
electrode. 


For site welding on horizontal pipes, where a single base run is 
used, the vertical-upwards method is recommended; where the base 
run is formed in two runs, thesé may be made either by the vertical- 
upwards or vertical-downwards method. In each case, the second 
layer may be made vertical-downwards if desired. For bench or 


+ 
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shop welding, where the pipe may with advantage be rotated 
during welding, all welding is carried out in the downhand position. 


After depositing the base run or runs, in the case of horizontal 
pipes and pipes inclined at an angle up to 45 deg. to the vertical 
the remainder of the joint should generally be welded by weaving 
the electrode from side to side across the weld groove, using the 
vertical-upwards method. For vertical pipes and pipes sloping at 
an angle greater than 45 deg., the bead technique is preferable, 
the runs of weld metal overlapping each other in proper sequence, 
care being taken to avoid stringers of trapped slag and undercutting 
at the top edge of the weld (see Fig. 19). 


“Dabbing” of the electrode on the pipe wall to remove slag 
from the tip orto start the arc, must not be practised. A piece 
of scrap plate clamped to the pipe near the weld groove should 
be used for this purpose. 


(viii) Cleaning and Removal of Slag, Peening and Chipping of 
Weld Metal.—All slag must be removed after each run. This may 
be carried out conveniently with a pneumatic or manual chipping 
tool. Each layer of weld metal may be peened, but this is not 
necessary with a good welding technique. Undercut edges, slag 
pockets, unsound metal and blowholes should be chipped out before 
further weld metal is deposited. 


The quality of a pipe weld depends very largely on the care given 
to these operations, undercut edges leading to slag stringers being 
the most common source of trouble. 


Fig. 19. Suggested sequence of beads in vertical joint. 


‘ 


(B) Metal-Arc Welding with a Base Run Deposited by the 
Oxy-Acetylene Process 


No object is served by using this method of welding on pipes 
with a wall thickness less than j in., since oxy-acetylene welding 
throughout is entirely satisfactory. 


Pipe ends should be sized in accordance with the recommenda- 
tions given under “Sizing of Pipes” Section (A) (iii). 


(i) Bevelling of Pipe Ends.—Figs. 20, 21 and 22 give three 
preparations of pipe ends for this method of welding. The plain 
vee of Fig. 22 has been used but it is not recommended for pipe 
thicknesses over 4 in. 


(ii) Preheating.—For the deposition of the oxy-acetylene base 
run, the pipe ends should be preheated to 350 deg.-375 deg. C. 
Temperatures up to 450 deg. C. can be tolerated, but higher 
temperatures would lead to such discomfort on the part of the 
welder that the welding quality might easily suffer in consequence. 
Preheating may be accomplished by any of the methods given 
in Section (A) (iv) (a). : 


(iii) Welding Technique.—The method of welding the base run 
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Figs. 20-22. Preparation for oxy-acetylene base run. 


for positional welds should be the rightward or the all-position 
rightward technique as described in Technical Memorandum T.5. 
Where tacking welds are adopted, any such tacking welds should be 
completely melted out during welding. 


(iv) Characteristics of Base Run.—The base run should be 
sufficiently thick to prevent melting or blowing-through of the 
first run of metal-arc welding. The thickness should consequently 
be between } in. and } in. The base run should be given an evenly 
rippled bead of smooth contour both internally and externally. 


(v) Filler Metal for Base Run.—A suitable welding rod for the 
base run is to the specification:— 
Carbon 


Manganese 
Silicon 


0-1-0-15 per cent. 
1-3-1-6 ‘in 
0-1-0:2, mit 
Sulphur 0-04 per cent. max. 
Phosphorus 0-04 ss 


A welding rod to this analysis may be used for the molybdenum 
and chrome-molybdenum steels, but if preferred a welding rod 
containing approximately 0-5 per cent. molybdenum may be 
employed. It is not recommended that a chrome-molybdenum 
steel welding rod be used. 


(vi) Metal-arc Welding on Oxy-acetylene Base, Run.—Subsequent 
deposition of weld metal by the metal-arc process should be 
carried out in accordance with the methods set out in Sections 
(A) (v), (vi), (vii) and (viii). The metal-arc welding should proceed 
immediately after the oxy-acetylene base run has been completed, 
without cooling below the minimum preheat temperature required 
for subsequent metal-arc welding. Preheating should follow the 
recommendations of Section (A) (iv). 3 


(C) Metal-Arc Welding with a Steel Backing-Ring that can 
be removed when Welding is Completed 


When conditions of access are such that the backing-ring can be 
removed by machining or chipping and grinding, the recommended 
backing-ring is as shown in Fig. 23. After welding is carried out in 
accordance with the recommendations of Method (A), the ring 


may be removed and the internal surface machined or ground 
to a smooth contour. 


(D) Metal-Arc Welding where Conditions of Access Allow 
an Internal Run at the Root of the Weld 


Where conditions of access render it possible, as in the case of 
some long-neck flanges, an internal weld or sealing run may be 
used instead of a backing-ring or of a base run of oxy-acetylene 
weld metal. The internal weld can be made either before or after 
welding the main outer groove. In the latter case, it is advisable to 


Fig. 23. Backing ring suitable for use with long-neck flanges. 
Bore machined after completion of welding. 


grind, chip or machine Out the back of the groove to sound metal, 
subsequently welding with a sufficiently high current to give good 
penetration. 


5. REINFORCEMENT OF WELDS 


Normally, welds are to be reinforced on the external surface, the 
reinforcement recommended being approximately 20 per cent. of 
the pipe thickness, with a minimum of 4 in. and a maximum of 
+ in. The reinforcement should run out smoothly into the pipe 
on either side of the weld, with the minimum of undercut or 
thinning of the pipe at the edge of the weld. (See Figs. 24 and 25.) 
Where a smooth contour is desirable, the weld surface may be 
dressed by chipping or grinding. 


Where pipes of similar bore but different wall thickness have to 
be joined, the thicker pipe should either be machined externally 
to match the thinner pipe so that the maximum taper is not greater 
than | in 4, or the weld reinforcement should be built up to give 
a similar smooth taper. 
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6. SUPERVISION OF WORKMANSHIP 


The welding should be under the control of a competent welding 
supervisor to ensure that the standard of workmanship is in 
accordance with these recommendations, and the contracting 
company should ascertain that the quality of the materials used 
also complies with these recommendations. 


The contractor should take steps to ensure that any welder 
employed on pipelines is capable of making welds of the type 
required to fulfil the tests set out in Section (8). It is recommended 
that such tests should be carried out on sample welds before a 
welder is considered as being capable of undertaking work of the 
standard set out in these recommendations. Adequate records of 
such tests should be retained by the contractor. 


Where necessary, welders should be provided with suitable 
rigid staging and with protection against inclement weather 
conditions so as to enable them to perform correctly the welding 
operation. 


All welding equipment should be maintained in good condition, 
and such as to enable the welder to maintain the correct flame when 
using oxy-acetylene welding, and the correct current during metal- 
arc welding. 


The surfaces to be welded and the adjacent material should be 
cleaned of scale, rust, paint, oil or other injurious foreign matter. 


To maintain the recommended gap and alignment during 
welding, the pipes to be welded should be securely held in position 
by mechanical means or by tack welding. In general, where tack 
welds are employed, such welds should either be chipped away or 
melted out during welding. Bridge pieces and clamps which are 
to be tack welded to the pipe for the purpose of alignment should 
be made from mild steel of not over 0-25 per cent. carbon content, 
with a maximum sulphur content of 0-06 per cent. Bridge pieces 
and clamps should not be tack welded to the pipe for the purpose 
of alignment unless it is intended that the tack welds be subse- 
quently ground off smooth after removal of the clamps. 


Where backing-rings are not used, the outsides of the pipe ends 
may be machined concentric with the bores to facilitate alignment 
of the bores. 


Copper, bronze or brass earthing clips should not be attached 
to the pipes on account of the danger of copper pick-up by arcing. 
Special all-steel earthing clamps should be used. 


A warning is given against the practice of earthing pipes through 
roller supports in the case of pipes which are to be rotated during 
welding. Bad contacts may give rise to alteration in voltage and 
current at the arc, in addition to the danger of melting spots on the 
pipe surface due to arcing at the rollers. It is recommended that 
special all-steel earthing clamps be securely attached to the pipes 
themselves. 


7. HEAT-TREATMENT AFTER WELDING 


All joints in pipes over } in. thickness or 6 in. outside diameter 
should be stress-relieved at 600-650 deg. C. after completion of all 
welding. The stress-relieving temperature should be maintained 
for one hour per inch of wall thickness, with a minimum of half- 
an-hour. 


It is recommended that the stress-relieving treatment should be 
recorded using chromel/alumel or platinum/platinum-rhodium 
thermocouples. The thermocouples should be peened or welded 
to the surface of the pipe. The stress-relieving can conveniently 
be undertaken by means of gas muffle furnaces or induction coils, 
and thermocouples should be positioned so as to ensure that a 
band of metal with a minimum width of roughly 4 in. is heated to 
the required temperature. 


In the case of molybdenum-vanadium steels, the heat-treatment 
recommended by the steel makers is normalising at a temperature 
of 950-970 deg. C., followed by a tempering treatment at 690 deg. C. 
for five hours. 


Where the effects of thermal expansion in service are counteracted 
by “cold pull” during erection of a pipeline, it is essential that the 
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“cold pull” be maintained during welding, subsequent heat- 
treatment and cooling. 


8. TESTS FOR QUALITY OF BUTT JOINTS 


The removal of joints from welded pipelines, other than quite 
small-bore piping, for test purposes, is inconvenient. Before 
commencing a pipeline, however, the contractors should be 
prepared, if called upon, to make a specimen weld representative 
of the thickness and diameter of the joints in the pipeline and 
welded under conditions of equal difficulty. 


For pipes up to 3-in. bore, the joint should be cut into four 
longitudinal segments, pipes over 3 in. and up to 6 in. nominal 
bore should be cut into eight segments, and for pipes over that 
diameter the representative weld should be cut into twelve segments. 
(See Fig. 26.) 


(a) Macro-etching and Examination for Basal Cracks.—Half of 
the test strips should be polished and macro-etched at the weld, 
and examined carefully for basal cracks. 


(b) Bend Tests.—From the remaining strips, direct bends and 
bend tests with the inner surface of the pipe in tension should be 
made. The samples should have the backing-ring removed, and the 
internal and external surfaces ground flush with the internal and 


Fig. 26. Sectioning of specimen joints for examination. 


external surfaces of the pipe. The sample should then be bent at an 
angle of 90 deg. round a former, the diameter of which is equal 
to three times the wall thickness of the pipe. The width of the bend 
test specimen should be approximately equal to the thickness of 
the pipe wall. Each of the specimens should bend to 90 deg. 
without signs of serious failure. Slight premature failure at the 
edges of the specimen is not to be considered as a cause for rejection. 
Neither would the opening-up of a slight defect due to lack of 
penetration or absence of root fusion be considered a cause for 
rejection, provided the defect has sound metal at the back and on 
either side (See Fig. 27.) 


Should the tests from the specimen weld prove unsatisfactory, 
further specimen welds by the same welder should be prepared, 
until it is proved that the technique is reliable. 


(c) Site Examination—General examination of the welding 
carried out at site should ensure that slag is adequately removed, 
that the weld metal is being deposited in a manner satisfactory to 
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visual observation, that slag is not being trapped at undercut 
edges, and that obviously unsound metal is not being allowed to 
remain in the joint. 


(i) Sampling of Weld Metal.—\f for any purpose it is necessary 
to obtain a sample of the weld metal from a pipeline, this could 
be done conveniently by means of a probe-sampler for pipes over 
4-in. thick. Two oblique cuts are made equi-distant on either side 
of the weld metal, triangular in cross-section, containing or not 


Fig. 27. Positioning of specimen for bend test. 


some of the parent metal, as may be desired (see Fig. 28). From 
such a slice, bend, miniature tensile, macro- and micro-specimens 
could be prepared. This cut can subsequently be welded up after 
preheating the joint to the full pre-heating temperature and finally 
stress-relieving. It must be emphasised that this sampling is only 
considered essential when a real cause for such action had been 
established. 


(ii) Radiographic Examination.—One method available for the 
non-destructive testing of finished welded joints is radiographic 
examination, either by X- or Gamma-ray. 


Much thought must be given before specifying X-ray examination 
because such examination is costly and there are practical diffi- 
culties in carrying it out. Special attention will be necessary to 
ensure that welds are located in suitable positions for X-ray 
examination. 

Where a hole may be drilled in the pipe wall adjacent to the weld 
to be examined, Gamma-ray examination, by means of a radio- 
active source inserted through the hole in the pipe, may prove 
simpler; this method involves the closure of the small hole. 
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Some members of the committee express the view that the 
expense and difficulties of radiographic examination are so great 
as to rule it out as a practical method of checking and testing. 
On the other hand, many members of the committee, some of whom 
regularly practice the radiographic examination of pipe joints, are 
of the opinion that in certain circumstances there is a strong case 


Fig. 28.—Sampling of site weld metal. 


for the checking of the quality of pipe butt welds by some form of 
radiographic examination. Butt welds in high pressure pipelines 
made by a contractor without previous experience in this field 
should certainly be checked by radiographic examination. Even 
with experienced contractors it may be desirable to carry out a 
certain amount of checking of quality by radiographic examination, 
where the conditions of service of the pipeline are particularly 
onerous. When the quality of welding shown by such radiographic 
examination becomes consistently satisfactory, a reduction can be 
made; this reduction to be based on experience and by agreement 
between contractors and purchasers. 


APPENDIX 


Hydraulic Test.—Each pipeline may be subjected to a hydraulic 
test pressure equal to one-and-a-half times the working pressure. 
Prior to this test, it is advisable to see that the supports are adequate 
to carry the weight of water during test. If any leaks occur, the 
defective portion should be completely cut out and rewelded, 
using pre-heating where necessary, and the weld should be finally 
stress-relieved and subjected to further hydraulic test. A leak 
should not be repaired merely by fusion of the surrounding metal 
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R.58 


The A.C. Argon Arc Process for Welding Aluminium. 
The Oscillographic Analysis of the Application of a 
Commercial High Frequency Spark Injector Unit. 


By L. H. Orton, Ph.D., F.Inst.P., J. C. NEEDHAM, B.Sc.(Eng.), 
and J. H. Coie, M.Sc. 


SUMMARY 


In this report results are given of applying electromagnetic and 
cathode ray oscillographic recording techniques to the study of 
certain electrical parameters in the a.c. Argon arc process for 
welding aluminium. The nature of the output from a commercial 
high frequency spark oscillator unit such as is commonly used in 
practice is considered here in relation to its application to this 
process. 

The output from such a unit is not continuous but consists of 
“grouped series” of sparks separated by “dead” periods in which 
sparks are absent. It is shown both experimentally and also from 
a consideration of the nature of this output, that it is a matter of 
considerable importance to the success of the welding process, 
that these injected spark groups should be correctly phased relative 
to the main welding current, i.e., that correct phase adjustment 
should be made between the input supplies to the high frequency 
spark unit and the welding transformer. 

The time durations of the phenomena here involved were of the 
order of a microsecond for individual sparks, a millisecond for 
the interval between individual sparks, 6 milliseconds for the 
spark groups, and 4 milliseconds for the “dead” period between 
successive spark groups. From a study of the oscillographic data 
together with the corresponding weld test runs, it was found that 
the optimum relative phasing for successful welding was such that 
the middle of the spark group occurred just after the welding 
current reached zero. 

Correct phasing eliminated half cycle rectification when working 
to a work piece of an Al-5°,Mg alloy, at an open circuit welding 
voltage of 60 V. r.m.s. Change of the relative phase position 
results in variation in the time delays to arc re-ignition in half 
cycles of reverse polarity (work piece negative). Such delays had 
a marked influence on current asymmetry, quite apart from the 
asymmetry which is normally present in the tungsten-aluminium 
arc unless special steps are taken for its prevention. In these 
investigations, the reverse polarity current decreased by some 
30 per cent. per millisecond delay from the instant of current zero 
to arc re-ignition. 

Effects are also noted consequent on changing the work plate 
material from an Al-5 %Mg alloy to commercially pure aluminium, 
whilst the surface condition of the former was also found to 
influence results. The differences in behaviour were reflected in 
the oscillograms. 

Some attention is also given to operational adjustments to the 
spark injector unit, bearing on its efficiency in promoting satis- 
factory welding; whilst a simple switching method is described for 
obtaining optimum phasing of the inputs to the h.f. spark 
injector unit and the welding transformer, for satisfactory welding. 


1, INTRODUCTION 


It is desirable for furthering the a.c. Argon arc method for 
welding aluminium that a detailed knowledge should exist of the 
electrical parameters involved in the process. This implies a 
knowledge of the characteristics both of the arc itself drawn 
between a tungsten electrode and an aluminium work piece in an 
atmosphere of argon, and of the power welding circuit together 
with any associated electrical equipment. 


This welding process which has recently been discussed in 
relation to its application in industry,! presents a number of 
features of interest from the electrical standpoint, including 
mechanisms of re-ignition of the a.c. arc. At the end of every half 
cycle in such an arc, there is a brief period in which the current 
is almost zero, and during this period rapid de-ionization of the arc 
can occur, so that, as the voltage across the arc gap reverses, 
conductivity has to be re-established if the arc is to continue in 
the following half cycle. If the de-ionization has been severe, the 
voltage required to restart the arc may be considerably in excess 
of the arc burning voltage. 

The general problem of arc maintenance, which intimately 
concerns a.c. Argon arc welding, is further complicated in this 
case by the unsymmetrical electrode arrangement of dissimilar 
metals, and because the open circuit voltage of the welding trans- 
former has to be limited to about 100 V. r.m.s. 

Inherent in this welding process therefore, is the tendency, 
unless means are adopted for its prevention, for the arc to fail 
to re-ignite on voltage reversal, this tendency being most apparent 
for the half cycles in which the aluminium work piece is about to 
become the effective cathode. This half cycle rectification, if at all 
marked, has a serious deleterious effect on the properties of the 
weld. 

A method now in current practice for the prevention of this 
tendency to rectify is the injection across the arc, from a separate 
supply, of a series of h.f. oscillatory sparks. These sparks serve to 
break down the arc gap which might otherwise have become 
non-conducting. 

It will be realised that the complete analysis of the electrical 
characteristics of this particular welding process involves the 
study of phenomena occurring in times of the order of a hundredth 
of a second, i.e., the ordmary 50 cycles per second phenomena, 
down to those taking place within microseconds, the order of 
time involved in arc re-ignition phenomena. 

In the course of other investigations 2 3 on welding arcs by the 
E.R.A. investigators, oscillographic recording equipments had 
been developed with time resolutions adequate for the recording 
of such phenomena, and it was decided to use these equipments 
to study this type of welding arc. Whilst the fundamentals of such 
an investigation concern arc re-ignition phenomena, details of 
actual re-ignition processes as such were not required at this stage, 
and the highest speed recording available was therefore not used. 

Inquiry indicated that some uncertainty existed about the 
characteristics of the high frequency spark injector units commonly 
used in this Argon arc welding of aluminium, and their bearing 
on the process. The use of high frequency spark injection was 
mentioned some years ago by Piper in connection with d.c. 
Heliarc welding, following which it was used with the a.c. Argon 
arc process when it was assumed to initiate the arc at the beginning 
of each half cycle. Although subsequent investigations have been 
pursued in relation to the electrical characteristics of this process, 
a full appreciation of the factors involved still appears incomplete. 
Oscillograms of arc voltage or current in published literature often 
are hand reproduced, ignoring the effects of the high frequency: 6, 
or else special test arrangements are adopted because of the 
difficulty of measuring and recording it.?7 Indeed, the temporal 
resolution of recording has been inadequate for the detailed 
examination of the high frequency spark phenomena associated 
with the process. 
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Further, in practice, similar results have not always been 
obtained on separate welding equipments, although both equip- 
ments and test conditions appeared to be the same. Most anomalies 
were encountered when using existing welding transformers in 
conjunction with separate high frequency spark injector units. 
Whilst the functioning does not always appear to be understood, 
such anomalies are usually absent on composite equipments 
supplied for the Argon arc welding of aluminium. 


In this report the behaviour of a typical commercial high fre- 
quency spark injector unit has been examined in relation to this 
welding process. In further reports it is hoped to analyse other 
electrical features of the process, such as the effect of open circuit 
voltage, the effects arising from a large series capacitor in the main 
circuit, the short time electrical characteristics of the welding 
circuit, etc. 


2. BRIEF EXPLANATORY DATA ON THE BEHAVIOUR 
OF THE H.F. SPARK INJECTOR UNIT 


The commercial spark injector unit used in this work consisted 
of a high voltage transformer feeding into a series capacity 
inductance circuit in parallel with a spark gap. In every half cycle 
this type of unit produces a grouped series of sparks, the group 
occupying about two-thirds of the half cycle duration, with the 
duration of each spark being only of the order of a fraction of 
1 per cent. of the time interval between sparks. Such an injector 
unit does not produce a continuous train of h.f. oscillatory sparks 
throughout the half cycle. 


An analysis of the operation of this typical unit is given later 
in Section (6) of this report, and at this juncture it is sufficient to 
refer to Fig. 9 (c), which is a section of a cathode ray oscillogram 
taken across the spark gap of the unit. The record shows the 
build-up of voltage across the spark gap to its breakdown voltage, 
when the gap discharges. The process of voltage build-up and 
breakdown across the gap is then repeated, resulting in a series 
of individual spark discharges (see also sketches (a) and () in 
Fig. 10). A consequent impulse appears across the arc gap of the 
welding circuit for each individual spark discharge. The record 
makes clear the discontinuous nature of the output from such a 
unit, and illustrates the “grouped” form of the series of sparks 
in each half cycle, and the “‘dead”’ periods occurring between the 
groups. 


It is the output from this unit that is injected into the welding 
circuit, so that the question of the phase relationship between the 
group of sparks, and the flow of current in the main welding 
circuit therefore arises. With the equipment here used, which 
may well be typical of actual practice, the welding transformer and 
the spark injector are separate units, and there is no automatic 
control of the phase relationship of their outputs, which largely 
depends on the connections which happen to be made to the 
three phase mains power supplies. Thus, unless definite adjustment 
is made, the spark group may be injected around the time when 
the current in the welding arc is passing through its zero, or when 
it is passing through its’ peak, or intermediately. It is clear that to 
be effective in assisting arc re-ignition, the spark group must be 
injected around and immediately following the time of current 
zero, when the arc, if it is to continue, has to restrike. For example, 
consider the case when, without superposed spark injection, the 
system is rectifying for the half cycles in which the work piece 
is cathode. If now the injector unit is switched in, but with its 
output so phased in relation to the current in the welding circuit 
that the spark group is injected around the time of current peak 
for the conducting half cycle, then the next group of sparks will 
not occur until well after the time of voltage reversal in the welding 
circuit. They will thus be ineffective in initiating arc gap break- 
down early in the half cycle in which the work piece is cathode. 
Under such conditions it will be impossible for the injector unit 
to promote satisfactory welding. 


From the above generalised statements it is seen that the 
phasing of the output of the injector unit in relation to the current 
in the main welding circuit must bear directly on the prevention 
of the partial or the complete half cycle rectification which can be 
encountered in the welding of aluminium, at open circuit voltages 
accepted as “safe” in practice. 
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To enable this phase relationship to be fully investigated in its 
effects on welding, a phase shifting transformer was incorporated 
in the supply to the spark injector unit, enabling any phase 
adjustment to be made between the spark group and the main 
welding current. The method of test procedure and the experi- 
mental results from this work are considered below. 


3. ELECTRICAL PARAMETERS AND THEIR OSCILLO- 
GRAPHIC RECORDING 


A description of the recording equipment used, comprising 
both electromagnetic and cathode ray oscillographic units has 
already been published elsewhere,? so that details are not given 
here. In the present investigations the equipment was operated 
so as to give a time scale of 10 millisec. per cm. on the electro- 
magnetic oscillograms, and 3 millisec. per cm. on the cathode ray 
records. 

The parameters recorded either on the electromagnetic or cathode 
ray oscillographic units, or on both, as required, were (a) supply 
mains voltage, (b) current in the main welding circuit, (c) voltage 
across the arc gap together with the superposed voltage from the 
h.f. spark injector unit and (d) the voltage across the spark gap of 
the injector unit. 

The duration of the recording time was one second, the equip- 
ment being triggered in 45 seconds after arc initiation in the 
welding circuit. (See Section 4.2.) 


4. TEST ARRANGEMENTS 


4.1 Test Circuit Settings and Equipment 


A schematic diagram of the test circuit is given in Fig. 1, power 
being derived from a leaky reactance type welding transformer at 
50 c/s. Whilst it is known that this type of transformer is not the 
most suitable for this particular welding process, it was adequate 
for the work in hand. 

The current setting for these tests was nominally 60 1.m.s. 
amperes at a nominal open circuit voltage of 60 V. r.m.s., whilst 
argon gas (purity 99-8 per cent.) flow was adjusted to read 4 litres 
per min. The open circuit voltage was low compared with usual 
practice, but was more suitable for examining the particular 
phenomena with which this report is concerned. To investigate 
the efficacy of the spark injection for arc maintenance, it was 
necessary that the arc should show a definite tendency to rectify, 
which is more apparent at lower open circuit voltages. 

As already stated in Section (2) above, the h.f. spark injector 
unit was of an ordinary commercial type, but with a phase shifting 
transformer incorporated in the input circuit. A hand, water- 
cooled, Argon arc welding torch was used, fitted with a 3/32 in. 
diameter tungsten electrode. The torch was clamped to an elec- 
trically driven traverse machine moving at | mm. per sec., and the 
electrode gap was fixed at } in. 

The main series of tests reported upon here were made on 
12 in. by 4 in. by } in. work plates of an Al-5°%Mg alloy. Plates 
of commercially pure aluminium (2L4), but } in. thick, were also 
used, 


4.2 Test Procedure 


With the power circuit energised, the traverse machine and the 
spark oscillator were switched on together, the latter initiating 
the arc. At the end of each of the test runs, which were 6 cm. long, 
the spark oscillator was switched off, resulting in arc extinction. 

The work plates used-in the main series of tests were clamped 
to, but spaced from, a brass table, cooling effects thus being 
limited and reproducible. Current was fed symmetrically into the 
work piece from below. 

The runs were made without a filler rod, and in conjunction with 
the oscillographic evidence, their appearance indicated the suit- 
ability of the test set up from the welding standpoint. The recording 
gear was triggered in 45 sec. after arc initiation, by which time the 
system was assumed to have reached a state of quasi equilibrium, 
so that the oscillographic recording period of one sec. could be 
taken as providing data typical of the run. 

The phase relationship between the spark group from the 
injector unit, and the current in the welding circuit was altered 
from test to test by means of the phase shifting transformer, all 
other test settings remaining unchanged. 
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Fig. 2(a). 0° (180°), 
Right. 


Sr roe 
oe eee ae 


Fig. 2(b). 30 (210°). 
Left. 


Fig. 2(c). 60° (240°). 
Right. 


Melt runs on Al-5 %Mg. Alu- 
minium alloy (surface scratch 
brushed) against degrees lead 
of H.F. injector unit input, 
Telative to welding transformer 
input, (Phases 180° apart, 
result in similar runs.) 
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Fig. 2(d). 90° (270°). 


Fig. 2(e). 120° (300°). 


Melt runs on Al-5°.Mg aluminium alloy (surface scratch brushed) against degrees lead of H.F. 
injector unit input, relative to welding transformer input. (Phases 180° apart, result in similar runs.) 
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Fig. 2(f). 135° (315°). 


Fig.2 (g). 150° (330°). 


Melt runs on Al-5%Mg aluminium alloy (surface scratch brushed) against degrees lead of H.F. 
injector unit input, relative to welding transformer input. (Phases 180° apart, result in similar runs.) 





Fig. 3(c). 150°. 
Right. 


Melt runs on commercially 
pure aluminium (surface 
scratch brushed), against de- 
grees lead of H.F. injector 
unit input relative to welding 
transformer input. 
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5. EXPERIMENTAL DATA 
GROUP PHASING 


5.1. General Observations 


With experimental conditions as above a series of runs was 
made on an Al-5°%Mg alloy with phase shifts normally set in 
30 deg. steps from 0 deg. to 360 deg. Oscillographic recordings, 
to be discussed in the next section, were taken for each run, whilst 
general observations were made of the behaviour of the arc, etc. 


It was evident that changing the phase of the spark group 
relative to the power circuit could vitally affect the welding process 
and that a phase reversal (180 deg. shift) produced no marked 
change. At phase displacements of 0, 30, 60, and 90 deg. 
(and correspondingly 180 deg. to 270 deg.) the arc quickly started 
after energising the h.f. ‘injector unit, and progressed steadily 
along the degreased but otherwise untreated surface work plate, 
with the formation of a continuously moving weld pool. Similar 
results obtained for a surface scratch brushed before use, except 
that there was a tendency for the arc to splutter slightly, whilst 
a delay of a second or so was apparent before arc ignition following 
switching on the h.f. spark unit. 


For phase displacements of 120 deg. and 135 deg. (300 deg. and 
315 deg.) the arc was again quickly started on the untreated 
surface work plate, but spluttering was now evident throughout 
the run, accompanied by rapid fluctuations in light output. The 
arc under these circumstances appeared to progress along the 
plate in a series of small jumps from spot to spot. Further, the 
sound output from the welding transformer under these conditions 
of operation was subject to erratic variation as against a steady 
hum. Similar results were noted for a scratch brushed surface, but 
with the arc starting time delay increased to something of the 
order of 5 seconds. 


At 150 deg. (and 330 deg.) phase displacement the arc started 
quickly on the degreased work plate, and although steady, it 
progressed along the plate in a series of small jumps. Slight arc 
splutter with variation of light output was evident on the scratch 
brushed surface, with again the soxmewhat increased time to arc 
initiation at the beginning of the run. : 


The appearance of the resultant runs for a scratch brushed alloy 
surface can be seen in Fig. 2. For the first four phase displacement 
positions (0 deg. to 90 deg. group) the run is seen to be continuous, 
with the 30 deg. and 60 deg. positions exhibiting slightly more 
favourable characteristics than the 0 deg. and 90 deg. positions. 
The appearance of the run, however, becomes roughened and 
irregular at 120 deg. (and 135 deg.), whilst for the last setting at 
150 deg. it is strongly “pitted.” 


The effects of phase displacement between the inputs to the spark 
injector unit and the welding transformer are also visually apparent 
in the case of runs on a commercially pure aluminium work plate. 
Fig. 3 is a photograph of runs on such a plate for phase settings of 
60 deg., 120 deg. and 150 deg., the deterioration in appearance 
being clearly evident, and considerable blackening of the run is 
apparent in the last position. 

The descriptive matter in this section should be considered in 


relation to the curves in Fig. 5 which have been derived from the 
oscillographic data dealt with in Section (5.2). 


ON EFFECTS OF SPARK 


5.2 Oscillographic Data for Al-5°,Mg Alloy 
5.2.1 Surface only Degreased before use 


An analysis of the cathode ray oscillograms for a series of tests 
made with the above alloy as work piece illustrates very clearly the 
importance of correct spark phasing. 

The half cycles of interest are those in which the work piece was 
about to become the cathode, and when attempted rectification is 
encountered. 


In this present analysis, distinct classes of breakdown from open 
circuit voltage to arcing conditions have been recognised. Firstly, 
breakdown may occur almost immediately after current zero on 
voltage reversal, this constituting the most favourable condition 
from the welding standpoint. A section of an oscillogram exhibiting 
this class of breakdown is shown in Fig. 4 (c). Secondly, appreciable 
delay up to some considerable fraction of a half cycle duration 


WELDING RESEARCH 


may occur before breakdown. This is a far less favourable condition 
than early breakdown, the delayed breakdown being illustrated in 
the section of the oscillogram shown in Fig. 4(g). Lastly, break- 
down may fail completely, giving the condition of full half cycle 
rectification as shown for example in one half cycle in Fig. 4 (e), 
(or Fig. 6 (c) for commercially pure aluminium). 


The record for each setting of the phase shifting transformer, 
i.e., for each phase position of the spark group relative to welding 
current, was analysed for the class of breakdown. The numbers 
of the half cycles in which breakdown occurred “early” and “‘late”’ 
were determined, together with the number of half cycles, if any, 
in which rectification occurred, and were plotted against the phase 
setting. (Illustrative sections of oscillograms are reproduced in 
Fig. 4 (a) to (g) for a series of reJative phase positions.) The results 
of the analysis are shown in Fig. 5 (a), in the derivation of which, 
breakdown has been termed “early” if taking place within 1-5 
milliseconds of the voltage reversal, and “late” if in excess of 
this time. The selection of the time period of 1:5 milliseconds, 
although somewhat arbitrary, does derive from experimental 
findings, and from a general consideration of the extensive oscillo- 
graphic data available. With breakdown occurring fairly regularly 
within 1-5 milliseconds, the appearance of test runs was satisfactory, 
whilst current asymmetry, introduced as a result of this delay 
time to arc re-ighition, was not too serious (see Section (5.4).) It is 
also the approximate time, in the circuit used, for the voltage, after 
reversal at the end of the previous half cycle, to reach its peak 
open circuit value, assuming breakdown to arcing conditions 
had not occurred before the attainment of this peak. With this 
division, no difficulty was entailed in the analysis, since in general, 
breakdown occurred either well within or well outside this time 
limit. 

In Fig. 5 the relative phase displacements of spark group and 
welding current from 180 deg. to 360 deg. have been combined 
with the corresponding positions on the 0 deg. to 180 deg. scale, 
as the results were substantially the same. Three curves are shown: 
curves A and B referring respectively to early and late half cycle 
breakdown, whilst curve C gives the percentage number of half 
cycles which completely rectified. The percentage of each class of 


breakdown at each phase position is based on the analysis of at 
least 100 cycles. 


Fig. 5 (a) shows that from about 0 deg. up to about 90 deg. 
phase displacement, the number of half cycles breaking down early 
is 100 per cent. After 90 deg. conditions begin to deteriorate, 
with the percentage of early breakdowns decreasing rapidly, and 
the percentage of late breakdowns and rectifications increasing, 
with a minimum of early breakdowns occurring at 150 deg. After 
this setting conditions again improve, the curve of early break- 
downs rising fairly steeply so that by about 180 deg. the 100 per cent. 
early breakdown condition is again achieved. 


It should be borne in mind that spark injection was not absent 
in those half cycles which failed to break down, Fig. 5 (a), curve C. 
The “rectifications” in most cases correspond to spark group 
injection so late in the half cycle that the open circuit voltage has 
decreased to such an extent that the arc does not strike in spite of 
spark injection. (See rectified half cycle in Fig. 4 (e).) 


The characteristics of the curves in Fig. 5 (a) show very clearly 
the important bearing on this welding process of the phase 
relationship between the spark group and the welding current. 
Further consideration will be given to the shape of the several 
curves in a subsequent section of this report. 


5.2.2 Surface Scratch Brushed before use 


The same procedure as for the degreased alloy surface was 
followed for tests on the same alloy, scratch brushed immediately 
prior to use. It was clear from the oscillograms that under otherwise 
identical test conditions, there were differences resulting from 
surface state, although general characteristics in relation to spark 
group phasing were the same. 


Curves corresponding to those given in Fig. 5 (a), but for the 
scratch brushed alloy are shown in Fig. 5 (6). It will be seen that 
whilst the general conclusions as to spark group phasing are the 
same, the shape of the three curves in the latter figure have under- 
gone some modification from the corresponding curves in Fig. 5 (a) 
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%s No. of cycles. 


300 330 360 


160 180 210 270 
Lead, degrees 


(a). Aluminium 5% Magnesium (plate degreased). 





% No. of cycles. 





60 90 120 150 180 210 
160 180 210 240 270 300 330 360 30 
Lead, deqrees. 


(b). Aluminium 5% Magnesivm( plate seratch brushed) 
Fig.{5. Effect“of phasing on arc initiation (Al. plate negative). 


A. Arc re-ignition within 1-5 millisec. of current zero. 
B. Arc re-ignition after 1-5 millisec. of current zero. 


C. Complete rectification (plate negative). 


“Lead” in both figures refers to H.F. injector unit input relative to welding transformer input. 
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The settings for maximum early breakdowns are more limited with 
the scratch brushed surface work plate than with the degreased 
plate, a falling off from optimum conditions appearing after 
60 deg. phase displacement. The actual minimum of early break- 
downs as before occurs at 150 deg., but the following rise to 
optimum conditions is more gradual. It is thus seen that the 
phase setting of the spark group is more critical with the scratch 
brushed work plate than with the degreased only surface. This 
difference is a matter of interest. A comparison of the oscillo- 
graphic data for the degreased and scratch brushed surface work 
plates, reveals that whilst in the former case, in general, the first 
spark injected after voltage zero was effective in causing break- 
down to arcing, in the latter case, quite often, several sparks were 
injected before arc re-ignition occurred. This necessity for multiple 
sparks occasioned delay in half cycle breakdown, with the tendency 
therefore for the number of “late” breakdowns, or rectifications, 
to increase, resulting in the optimum position for spark injection 
becoming more critical. See Fig. 6 (a) and compare with Fig. 4 (d). 


It must be remembered that the details of this analysis are 
applicable only to the particular test conditions here used. It is 
clear, for example, that the shape of the curves A in Fig. 5 might 
be altered by alteration in open circuit welding voltage, and that 
an increase in the voltage of the spark injection might mask the 
work plate surface effect discussed above, although, of course, a 
definite statement on this matter would require more knowledge 
of the fundamentals of this surface effect. The general conclusions 
as to spark group phasing, however, apply to any spark injector 
unit of a type similar to that used in these investigations. 


5.3 Tests on Commercially Pure Aluminium 


In addition to the work on the Al-5 %Mg alloy, a limited number 
of tests were made using work pieces of commercially pure 
aluminium (2L4). No alterations were made in test conditions 
from those previously obtaining. Data from this work fully 
supported the conclusions drawn from the investigations on 
the Al-5%Mg alloy as to the importance of spark group phasing. 
Reference has already been made to Fig. 3, showing the difference 
in appearance between runs on a commercially pure aluminium 
work piece for three main spark group phase positions, viz., 60 deg., 
120 deg. and 150 deg. 


Effects additional to those pertaining to the question of phasing 
were, however, evident. For example, under the test conditions 
obtaining, a group of suitably phased sparks would sometimes 
fail completely to cause breakdown to arcing (see Fig. 6 (d)). 
In general, arc initiation does not appear to be so readily achieved 
with the pure aluminium as with the alloy, e.g., compare Figs. 
6 (b) and 4 (c), also Figs. 6 (c) and 4(g). This implies that change 
in work piece material, and/or its surface condition, have introduced 
additional factors which complicate or preclude an independent 
study being made of spark group phasing effects under the same 
particular test conditions as used for the Al-5°%Mg alloy. A 
limited increase in welding voltage, or of spark gap voltage, or in 
rate of argon gas flow, might facilitate arc re-ignition, under which 
circumstances, with the first spark or early subsequent spark 
causing breakdown, comparable spark group phasing effects to 
those derived for the Al-5%Mg alloy are to be expected. 


5.4 Effect of Current Zero Pause on Current Magnitude 


In the present investigations no attempt was made to eliminate 
or control the d.c. component of the welding current, and no 
series condenser was inserted in the welding circuit, so that half 
cycle current asymmetry was encountered. 


In general, when the tungsten rod is hot, the arc re-ignites more 
readily when the tungsten, rather than the aluminium, becomes 
negative. For the test conditions here used, the current always 
restarted immediately on voltage reversal, when the tungsten 
became the effective cathode if the previous half cycle (aluminium 
cathode) had conducted for an appreciable time. If the arc had 
extinguished or rectified in this previous half cycle, then the h.f. 
spark injection re-ignited the arc soon after the o/c volts had 
changed polarity (tungsten negative). When the aluminium became 
negative, however, the arc always extinguished after the previous 
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half cycle, and did not restrike without the h.f. injection. Thus, 
there is only appreciable current zero pause for the half cycle in 
which the aluminium is negative, and this pause is obviously 
affected by the phasing of the spark group, giving “early” break- 
downs or otherwise. 


The increasing degree of current asymmetry resulting from 
increase in delay to re-ignition of the arc or complete rectification is 
illustrated by the electromagnetic oscillograms of arc current and 
gap voltage shown in Fig. 7. These oscillograms are for phase 
shifts of the input to the spark injector unit with respect to the 
welding circuit input of 60 deg., 120 deg. and 150 deg., the cor- 
responding cathode ray oscillograms being given in Fig. 4(c), 
(e) and (g) respectively. 


It can be seen that the current loop, for the tungsten as cathode, 
is approximately constant in magnitude, whilst that for the 
aluminium as cathode varies down to zero (i.e., rectification), 
and at its best does not equal that for the tungsten. 


From such current records (from the electromagnetic oscillo- 
grams), and the time delay to arc re-ignition (derived for greater 
accuracy from the corresponding cathode ray oscillograms of arc 
voltage), curves of current peak and current area against duration 
of current zero pause were derived as in Fig. 8 (a) and (5) respec- 
tively. These curves are plotted as a percentage of the maximum 
current peak or current area (for the aluminium as cathode) 
for effectively no zero pause. The variation of current for the 
tungsten as cathode was small, and therefore only the average 
(with an indication of the deviation) current peak and current 
loop area have been plotted.on Fig. 8(a) and (6) for these 
half cycles. 


The curve in Fig. 8 (a) shows that the peak of the current in the 
reverse polarity half cycle decreases by about 25 per cent. per 
millisecond delay to arc re-ignition, whilst the quantity of current 
flowing decreases by about 30 per cent. per millisecond delay 
(Fig. 8 (6)). 


The d.c. component can be derived from the difference between 
the current loop areas for the aluminium and tungsten half cycles 
given in Fig. 8 (6). It can be seen that the d.c. component increases 
with increasing delay to re-ignition of the arc (aluminium negative) 
and therefore also depends on the relative phase of the inputs of the 
spark oscillator and the welding transformer. 


It is outside the scope of this present report to discuss what 
effect this current asymmetry has on the properties of the weld, 
the degree of saturation of the welding transformer, or the primary 
current wave form and effective power factor. 


6. THE H.F. SPARK INJECTOR UNIT 
6.1 General Operational Characteristics 


The performance and operational characteristics of the typical 
commercial spark injector unit here used present a number of 
points of interest. As these characteristics bear directly on the 
application of the unit to the welding process, and are common to 
all injector units working on the same principle, they have been 
considered here in greater detail. From such an analysis of the 
performance of the spark gap oscillator, the shape of the curves 
in Fig. 5 can be predicted. 


Though there is nothing novel about the commercial unit used in 
this work, there appear to be certain misconceptions about the 
general behaviour of such a spark gap oscillator, as a source of 
high voltage high frequency for injection into the welding circuit. 


-In essence, a condenser with a spark gap in parallel is charged 


from a relatively high impedance source to the voltage at which 
the spark gap of the unit breaks down, and the condenser is then 
very rapidly discharged through the gap. This cycle of operations 
is then repeated, the frequency of repetition being governed by 
the time constant of the condenser and the charging impedance, 
and the available H.T. voltage in relation to the breakdown 
voltage of the spark gap. This repeated cycle of operations has 
already been referred to in Section (2), and an oscillogram typical 
of the process for an alternating high voltage supply is shown in 
Fig. 9 (c). The condenser discharge is oscillatory, a small inductance 
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Mean of straight polarity half cycle 
| peaks (W cathode) : 








ia 


Reverse polarity half cycle peak 
(Al. cathode) 











Current half cycle peak as % 


05 10 +5 20 25 30 365 40 45 §0 55 60 
Delay to arc reignition in millisec (Current zero pause) Al plate negative 


Fig. 8(a). Peak of current half cycles—current zero pause. 
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Mean of areas of straight polarity 
half cycles (W cathode) 


Area of reverse polarity half cycle 
(Al. cathode). 


OS: 10 15 20 26 30 35 40 46 60 55 60 
Delay to arc reignition in millisec (Current zero pause) Al plate negative 


Fig. 8b). Area of current half cycles—current zero pause. 
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between the condenser and the spark gap resulting in a damped 
high frequency oscillation, a series of such damped oscillations 
being injected into the welding circuit. 

In such a spark unit as here used, the oscillations are rapidly 
damped out in a time which is small compared with the charging 
time of the condenser. This charging time itself is, however, small 
compared with the duration of a half cycle, nominally 10 milli- 
seconds, so that the device operating on high voltage a.c. results 
in a group of individual sparks (condenser oscillatory discharges) 
in each half cycle. The time interval between groups of sparks, 
the “dead” period referred to in Section (2), is the time taken 
(from the last spark in a group) for the a.c. to reverse polarity 
and for the voltage to again reach the breakdown voltage of the 
spark gap. In the present instance the duration of the high frequency 
damped oscillation (the spark) was of the order of a microsecond, 
whilst the interval between sparks in the group was normally of 
the order of a millisecond, but down to about a tenth of this time 
under particular and abnormal operating conditions. The “dead” 
period duration was usually about three to four milliseconds, but 
under abnormal conditions this could increase to some 8 milli- 
seconds. 


It is seen that the injector unit and all such of a like type are not 
sources of “continuous” high frequency. 


6.2 Effect of Spark Gap Settings on Performance 


It is clear from the foregoing section that the number of sparks 
injected in a given group of sparks, is governed not only by circuit 
components of the oscillator unit, but also by the nature and 
setting of the spark gap itself. 


In the present investigations both the number of gaps, and the 
gap setting were varied, and the oscillograms, taken for each of the 
several conditions, showed interesting effects bearing directly on 
the efficacy of the injector unit in relation to welding. The series 
of tests on the spark gap were as follows:— 

(i) Single gap, total gap 1/32 in., full input voltage to 

unit (240 V.). 

(ii) As (i) but gap length increased to 1/16 in. 

(iii) As (ii) but gap length increased to 1/10 in. 

(iv) As (iii) but gap length decreased to 1/12 in. 

(v) As (i) but input voltage to unit reduced to half (120 V.). 
(vi) Triple gap, total gap 1/16 in., input volts to unit 240 V. 
(vii) As (vi) but with one of the three gaps “misfiring.” 

(viii) As (vi) but with two of the three gaps “misfiring.” 


Sections of cathode ray oscillograms are reproduced in Fig. 9 (a) 
to (f) showing the voltage across the spark gap of the injector 
unit for a number of the above cases and it is clear that differences 
in operation can be very marked. A comparison of the spark 
gap behaviour is shown in the Table (p. 65r) in terms of the break- 
down voltage and average number of sparks in a half cycle, etc. 
The approximate potential at which the spark gap broke down ir 
the majority of cases in any one test is the main breakdown voltage 
given, while the additional voltages are a measure of the instability 
of the gap. The average of the number of sparks occurring in a 
group are derived in each case from some 50 cycles, and the 
standard deviations are included to indicate the spread in the 
number of sparks per half cycle group. These average figures are 
not given in the case of a single gap, 1/32 in. in width and with 
full input voltage, as this condition resulted in erratic but interesting 
operation of the gap (see oscillogram in Fig. 9 (a)). The voltage at 
which the gap broke down was subject to considerable fluctuation, 
whilst periods occurred during which the gap remained continuously 
conducting, with consequent cessation of the sparks, which periods 
in many instances added considerably to the “dead” period 
between spark groups. (See Section (6.1).) Such operation is 
obviously unsatisfactory for application in the welding process. 


In an attempt to improve this operation therefore the gap was 
increased, first to 1/16 in. and then to 1/10 in. under otherwise 
similar conditions. Fig. 9 (6) illustrates the result for the 1/16 in. 
gap, which is seen to be less unsatisfactory than for the 1/32 in. 
gap, although still irregular as indicated by the standard deviation 
in the table, whilst the conducting periods occurred in some 
25 per cent. of the total number of half cycles recorded, as against 
about 50 per cent. for the 1/32 in. gap. 


With a gap of 1/10 in. breakdown only occurred once per 
negative half cycle and failed entirely with slight variation of 
circuit conditions. Although single sparks, injected for alternate 
half cycles (work piece the new cathode), might seem a favourable 
condition of operation for welding, the above arrangement only 
attained this condition at the expense of stability, and it was not 
suitable for practical use. The gap setting was therefore decreased 
again slightly, from 1/10 in. to 1/12 in. Whilst the resultant record 
showed much less irregularity than for the 1/16 in. gap, it still 
revealed similar characteristics. 


Thus, for the full applied input voltage, the adjustment of the 
single spark gap for satisfactory operation was not easy on the 
unit used, unless special facilities were incorporated. The gap 
setting was therefore re-set to 1/32 in. and the input voltage to the 
injector unit halved to 120 V. r.m.s. The oscillogram in Fig. 9 (c) 
and the data in the table show that under these conditions the 
regularity of operation was satisfactory. 


Without further investigation, however, the authors were not 
prepared to say what effect, if any, the lowered input voltage to the 
injector unit would have on its use with the particular welding 
process under consideration. Input voltage was therefore restored 
to full value whilst the spark gap of the unit was altered from 
single to triple, with a total gap of 1/16 in. The corresponding 
figures in the table for this arrangement, and the oscillogram in 
Fig. 9 (d), show operation under these conditions to be regular 
and satisfactory, whilst in practice it proved to be reliable over 
long periods of time. This triple spark gap was used as standard 
in the present investigations. A further point in favour of the 
triple gap, as against the single, was that it gave warning of when 
it needed cleaning, whilst the unit still functioned as a source of 
injection into the welding circuit. This arose because it is possible 
for either one or two of the three gaps to “misfire” whilst the 
remaining gaps or gap spark down, oscillograms of the resultant 
output under these conditions being shown in Fig. 9 (e) and (f). 
“Misfiring” of a gap in this case was evidenced by the discharge 
originating from a fixed part of the electrode and not at random 
all around it, this presumably implying a point of preferred 
breakdown or emission and consequently a much-reduced break- 
down voltage for that particular gap of the three. It will be seen 
from data in the table, and from the corresponding oscillograms, 
that the average number of sparks per half cycle group increases 
as first one gap, and then two gaps “misfire,” whilst the overall 
breakdown voltage decreases. This increase in numbers is not 
necessarily an advantage, since once the arc has re-ignited the 
remainder of the series is unnecessary. 


Bound up with the question of the number of sparks per half 
cycle, the mode of operation and breakdown voltage of the spark 
gap, etc., is the problem of radio interference from equipment of 
this type. This is a matter of considerable practical importance 
which cannot be overlooked, every step towards lowering the 
interference level being of value. 


It is clear from the above investigations that lack of attention 
to the adjustments of the spark injector unit can result in un- 
satisfactory welding, these adjustments being apart from the 
question of the phasing of the spark group dealt with earlier in the 
report. In the next section, the analysis of effects of the typical 
operation of the high frequency injector unit is carried a stage 
further. 


It should again be noted that in the above work, the injector 
unit was a commercial pattern, with copper sparking electrodes. 
The question of what improvements in operation might accrue 
from attention to surface condition or electrode material, etc., is 
not, therefore, pursued here. Some such considerations, however, 
for spark gaps of this general type are dealt with in a paper® on 
the controlled spectrographic spark source. 


6.3 Analysis of the Output with Reference to Phasing 


The output of the injector unit has already been seen to take the 
form of groups of sparks separated by “dead” periods in which 
no sparks occur. The regularity of this train of events is now 
considered in relation to some arbitrarily selected but regularly 
repeating time zero. In Fig. 10 (a) and (6) the chain dashed line 
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represents a time calibration locked to mains frequency, the 
standard gaps in the line being at millisecond intervals, with larger 
gaps at 10 millisecond intervals. The spark gap voltage waveform 
of an idealised injector unit is sketched in Fig. 10 (a) with the 
sparks (represented by vertical dashes in Fig. 10 (6)) occurring in 
groups at regular intervals of time, also dependent on mains 
frequency. The leading spark of a given group, therefore, occurs 
at a fixed time in relation to some poim uch as “P” selected on 
the timing scale. For convenience let ““P” be at one of the 10 milli- 
second time marks. : 

Consider now the chance of a spark occurring in each half 
millisecond of time, measured from the arbitrary datum point 
“P.” It is clear that immediately following “P,” sparks are absent, 
so that the chance of occurrence is zero, and remains so until the 
leading spark of the group is approached, when, with sparks 
occurring in the group at a repetition frequency equal to one per 
half millisecond, the chance of occurrence becomes 100 per cent. 
A histogram of the chance of occurrence of a spark against time 
in half millisecond intervals from the arbitrary zero point “P” 
would appear as the sketch in Fig. 10 (c). This type of histogram 
suffers some modification in actual practice, and in Fig. 11 (@) a 
histogram is reproduced for a triple spark gap with all gaps 
operating normally. This histogram was derived from the cathode 
ray oscillogram by counting the number of sparks in each half 
millisecond interval for each of the 50 cycles (approximately) 
recorded. Due to the variations in actual operation it is seen that 
the chance of a spark occurring in a given half millisecond period 
does not change abruptly from zero to a maximum, but that the 
transition is more gradual, nor is the histogram flat topped over 
the spark group range. 
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Idealised form of H.F. iniector output. 


It is clear that the effect of shifting the phase of the spark group 
relative to the welding current may be simulated by considering 
the effect of shifting the current zero along the time axis of the 
histogram. Assume that arc initiation is occasioned by spark 
injection only and that the first spark injected after current zero 
always results in breakdown to arcing conditions. Then if current 
zero is made to fall somewhere around the five millisecond point 
on the time axis of the histogram in Fig. 11 (a), it is clear that the 
chance of a spark occurring in the following one-and-a-half milli- 
seconds is very high, i.e., the chance of “early” half cycle break- 
down is very high. As, however, the current zero position is moved 
further along the time axis the chances of a spark occurring in 
succeeding half millisecond periods decreases fairly rapidly, i.e., 
the chance of “early” half cycle breakdown also decreases rapidly. 
With current zero falling still further along the time axis, the 
chance of a spark before the “dead” period is almost nil, i.e., the 
chance of “early” half cycle breakdown is also almost nil. Following 
this period the chance of a spark within a given time period begins 
to increase again until the 100 per cent. chance condition is again 
reached. Such a curve of “early” sparks (i.e., within a 1-5 milli- 
second period), against time (phase) is shown in Fig. 12 (a), on the 
same time scale as, and derived from the mean of the two sections 
of, the histogram in Fig. 11 (a). The appropriate phase shifts, in 
degrees which in this case would correspond with the millisecond 
time scale in Fig. 12 (a), have also been included. It is apparent 
that the form of this curve is the same as, for example, curve A 
of Fig. 5 (a) which shows the percentage number of half cycles 
in which breakdown to arcing conditions occurred “early,” plotted 
against the phase displacement between the inputs of the spark 
unit and the welding transformer. In effect, Fig. 12 (a) is a curve 
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similar to A in Fig. 5, but unmodified by factors such as the failure 
of the arc gap to re-ignite on the first spark after current zero. 


Other modes of spark gap operation may result in modified 
histograms, e.g., Figs. 11 (a) and 11 (6) are both constructed for a 
triple spark gap, but in the latter figure one gap was misfiring, the 
form of the resultant histogram being more “peaked” than in the 
former. A chance, greater than 100 per cent., of the occurrence of a 
single spark, as shown in Fig. 11 (6), implies that the repetition 
frequency of the sparks in a group has increased to something 
greater than one per half millisecond. The corresponding curves of 
“early breakdown” versus phase are thus modified in detail, but 
not in overall shape. (Compare Figs. 12 (a) and 12 (6).) Examination 
of such derived curves for a number of different operational 
conditions of the spark gap unit shows that their general overall 
characteristics, bearing on the phasing of the spark group relative 
to the welding current are:— 


() A broad region of high chance and a narrower region of 
low chance of “early” arc re-ignition. 


(i) A rapid transition from one region to the other in a 
phase shift of the order of 20 deg. (i.e., a millisecond). 


(iii) That a change in the functioning of the spark gap can 
shift the transition from high to low chance of “early” 
are re-ignition by the order of 20 deg. (a millisecond), 
whereas the reverse transition remains comparatively 
unaffected. 


The extreme cases of spark gap operation to which the above 
analysis can be applied are firstly, if the injector unit was a source 
of a steady and continuous train of h.f. sparks, i.e., regularly 
repeating, at short time intervals such as could be obtained using 
a stable high voltage d.c. charging source, and secondly if it pré- 
duced only a single spark per half cycle. In the former case the 
histogram would be a continuous flat-topped table or block, and 
the chance of “early” half cycle breakdown would remain at a 
ee ae a the latter case it would consist of a single 
narrow block. It is obvious from general considerations that in 
the second example, phasing of the spark injection relative to the 
welding current would be critical for “early” breakdown, though 
such an arrangement would reduce the level of radio interference. 


(Derived from Fig. 11(a) and (b).) 


7. ADJUSTMENT FOR OPTIMUM PHASING OF THE 
INJECTOR UNIT IN PRACTICE 


For a spark gap oscillator fed with high voltage alternating 
current as in typical commercial units, the minimum time between 
successive sparks occurs in general in the middle of the spark 
group, i.e., approximately in the middle of each half cycle. (See 
Fig. 9 (d).) 


Assuming that the spark from the injector unit is the means of 
arc re-ignition in the welding circuit, then the spark oscillator must 
be about halfway through its group of sparks when the current 
in the welding circuit reaches zero, if the delay to arc re-ignition 
(current zero phase) is to be reduced to a minimum. The output 
from the injector unit should, therefore, lead the current in the 
welding circuit by about 90 deg. 


In practice it appears preferable for the spark injection to lead 
the current by somewhat less than a full 90 deg., so that the middle 
of the spark group occurs just after welding current zero. This is 
because (i) it is possible that the first available spark may fail to 
cause arc re-ignition, a further spark or sparks being required, 
(ii) erratic behaviour of the spark gap, or even its sudden failure 
to operate at all, as can occur in a single gap, usually develops in 
the later half of the spark group (see Fig. 9 (a) and discussion in 
Section (6.2)), (iii) if for some reason the number of sparks in a 
group is low and more than a single spark is required to cause 
re-ignition, the end of the spark group may be reached before 
the welding arc has restruck. There is then a long period of delay 
(over the “dead” period) to the first spark in the succeeding spark 
group of the next half cycle, resulting in late half cycle breakdown 
or even rectification. 


Due to circuit reactance, etc., the outputs of both the welding 
circuit, and the spark oscillator circuit have phase shifts relative 
to their inputs. Without measurement, therefore, it is not possible 
to state the phase relationship between the spark group and the 
welding current merely from the relative phases of their input 
supplies. In the present investigations this phase relationship for 
optimum operating conditions was determined experimentally by 
incorporating a phase shifting transformer in the input circuit of 
the injector unit. 
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Fig. 14. Diagram of phase shifting switch. 


In practice a sufficiently accurate series of phase displacements 
should be obtainable from the variations that can be made in the 
connections to the input of the injector unit from the mains three- 
phase and neutral supply. The relative phase between any pair of 
connections and one other reference pair can be varied in steps 
of 30 deg. from 0 deg. to 360 deg., as may be seen by reference 
to the vector diagram in Fig. 13 and the tabulated set of phase 
displacements with reference to the vector BC and the vector AN. 
It should be noted that both line to line (415 V.) and line to neutral 
(240 V.) voltages are involved so that the mains transformer of the 
high frequency spark unit should be provided with these two 
voltage tappings. 


It has been stated in Section (5) above that in this work arc 
re-ignition appears uninfluenced to any marked extent by the 
spark half cycle polarity, i.e. uninfluenced by a phase shift of 
180 deg. Hence, phase settings between 0 deg. and 180 deg. are 
regarded as equivalent to corresponding phase settings between 
180 deg. and 360 deg. Thus, only half the number of possible 


connections listed in Fig. 13 need be investigated. Phase shifts 
from 0 deg. to 180 deg. in 30 deg. steps may easily be obtained 
using a simple three-pole, six-way switch, such as shown diagram- 
matically in Fig. 14. The tabulated data in this figure gives the 
switch positions and the resulting phase of the various tappings, 
assuming, for this illustrative case, connection of the welding 
transformer to BC. 


With such a switch in the input circuit to the injector unit, 
switch positions should readily be found for satisfactory and 
unsatisfactory spark group phasing, for any given welding set up. 
From the broad topped nature of curve A in Fig. 5 it is likely 
that a series of several consecutive switch positions will be found 
giving reasonably satisfactory welding operation. By selecting a 
setting mid-way in this series, a close approximation should be 
obtained to the optimum phase relationship between the spark 
group from the injector unit and the current in the power welding 
circuit. 
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8. CONCLUSIONS 


1. In any welding process utilising a high frequency spark 
oscillator for arc maintenance, such as in a.c. Argon arc welding 
of aluminium, the nature of the output of typical commercial spark 
injector units is such that it is essential for satisfactory welding 
that the input to the h.f. unit should be correctly phased relative to 
the power supply to the welding transformer. 

2. The electromagnetic and cathode ray oscillograms obtained 
in the present investigations show the value of such recording as a 
means of analysing in detail the electrical parameters in the a.c. 
Argon arc process for welding aluminium. 


3. The output of the commercial spark unit used in these tests 
consists of a group of individual sparks in every half cycle, each 
group being separated from the next by a “dead” period, in which 
sparks are absent. The time duration of these several phenomena 
were of the order of microseconds for individual sparks, a milli- 
second for the interval between individual sparks, 6 milliseconds 
for the spark group, and 4 milliseconds for the “dead” period 
between successive spark groups. 


4. Phasing of the spark group, relative to the welding current 
such that the “dead” period falls around current zero, is clearly 
ineffective in initiating early arc re-ignition in the succeedinge 
half cycle. In practice it was found that the optimum relative 
phasing was such that the middle of the spark group occurred 
just after the welding current reached zero. 


5. In these tests, in the absence of hf. injection the arc extin- 
guished for the reverse polarity half cycles (aluminium work 
piece negative). By adjustment of the phase of the injected spark 
groups relative to welding current, breakdown to arcing conditions 
could be made to occur either generally “early” or generally 
“late” in the reverse polarity half cycle, to fail altogether, or to 
exhibit in a given test a combination of these several classes of 
breakdown (arc re-ignition has been classed “early” if occurring 
within 1-5 milliseconds of current zero, and “late” if in excess of 
this time). 

6. The most suitable phase positions for spark group injection 
result in early half cycle breakdown to arcing conditions. Under 
these conditions the melt run made on an Al-5%Mg alloy work 
plate without a filler rod was narrow and continuous. With injec- 
tion resulting in both early and late half cycle breakdowns together 
with rectifications, the appearance of the run was roughened and 
irregular, whilst in the phase position resulting in the reverse 
polarity half cycles all breaking down late to arcing conditions, 
the run was surface “pitted.”” Except when arc re-ignition was 
regular and “early,” the arc progressed along the work place in a 
series of small jumps. When there was marked variation in the 
time of zero pause (up to and including complete half cycle 
rectification), both the light output from the arc, and the sound 
output from the welding transformer fluctuated. 


7. Apart from any question of radio interference, the simple 
and robust type of spark injector considered here, if correctly 
used and adjusted, appears to answer satisfactorily the requirements 
of this welding process. 


8. In the present tests the surface condition of the work plate 
influenced results. Such differences were. detectable, for example, 
between a scratch brushed surface of an Al-5%Mg alloy work 
piece, and one merely degreased before use. These differences did 
not indicate any major change in the best and worst phase positions 
for spark group injection, but modification in the shape of the 
curve relating early half cycle re-ignition to spark group phase 

9. Differences were evident as between the alloy and a work 
piece of commercially pure aluminium. Under the conditions of 
test the difference was most evident in the tendency of a spark, 
even in a well-phased spark group, to fail to cause arc re-ignition 
with the aluminium. This implies that in practice some change 
in test conditions would be needed, such, for example, as a limited 
increase in open circuit welding voltage, change in current or 
variation in rate of argon flow, etc., to make the experimental 
set-up as suitable for work on commercially pure aluminium as 


on the alloy. 


10. Even with conditions such that arc re-ignition regularly 
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occurs with negligible time delay every half cycle, a current 
asymmetry exists for the tungsten-aluminium arc, i.e., a mean d.c. 
component is present unless steps are taken to prevent it. Further 
to this effect, additional current asymmetry is caused by the delayed 
breakdown to arcing conditions that can occur in half cycles of 
reverse polarity by varying the phase relationship between the 
injected spark group and the welding current. In these investiga- 
tions, the reverse polarity current decreases by about 30 per cent. 
per millisecond delay from current zero to arc re-ignition (current 
zero pause). 


11. Operational adjustments of the spark injector unit, both in 
applied voltage and in gap settings, etc., affect its’ performance, 
and these effects are reflected in its efficiency in promoting satis- 
factory welding. Although in the present work, investigation of 
such aspects was limited, a triple spark gap in the injector unit was, 
in general, found to be more satisfactory than a single gap. 


12. The low open circuit voltage of 60 V. r.m.s. was chosen here 
so that, without h.f. spark injection, half cycle rectification would be 
encountered. Correct phasing of the injected spark group for the 
Al-5%Mg alloy eliminated both late half cycle breakdown to 
arcing conditions and rectification. It would appear possible, 
therefore, that careful attention to spark group phasing might 
permit a lowering of open circuit welding voltage in practice. 
More detailed investigation of this for other materials and test 
conditions is still required before this aspect can be pursued. 


13. Optimum phasing of the injected spark group should be 
attainable in practice by incorporating a simple three-pole six-way 
switch in the input to the injector unit. Such a switch, connected to 
the three-phase and neutral supply, provides phase shifts in steps 
of 30 deg. from 0 deg. to 180 deg. and permits the most effective 
phase position for spark group injection to be determined 
experimentally. 
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the general fabrication and sheet metal shop requiring a light unit. 


ACP 300 20—300 amperes. Open circuit voltage 80v—100v. 
Accurate current regulation, indicator light, tow bor, large rubber 
tyred wheels, streamlined casing. 


Send for Technical Circulars describing these NEW . 
Quasi-Arc developments. 


WELDING SERVICE 
TO INDUSTRY 


Notice 
specially the 
new form of 
accurate, 
selective 
current 
control. 


4 
yCOMPANY 


; PRESSED STEEL 


roughing 
FOR SHIPS’ BULKHEADS 


Sections of Troughing pressed from 
Steel Plates are found in actual 
practice to be superior to the old 
method of welding steel plates to- 
gether. Here are six specific 
advantages :— 


@ Saves up to 20% steel weight. 
Tiemarees —— of . ® Reduces labour costs. @Nocom- 
Bartram . ; - parative sharp corners to damage 


Laie " 2 cargo. @ Fewer edges where corro- 
Pressed Steel Troughing is used ’ ; sion can begin. @Smooth surface 
the leading Shipbuilders in the ' throughout which is easy to clean, 
yneside and Clydeside areas, Mi r scrape and paint. @ Suitable for 
Lorge illustration: TRANSVERSE BULKHEAD IN POSITION. transverse, longitudinal and 'tween- 

EcyPT— Small illustration: BULKHEAD WITH GIRDERS AND WEBS deck bulkheads. 
The Port Said Engineering ATTACHED READY FOR ERECTION. Troughing is supplied in lengths up 


Works, Cairo, to 30 feet. e 


MOTHERWELL BRIDGE & ENGINEERING CO. LTD. 


HEAD OFFICE AND WORKS: London Address: 82, VICTORIA STREET, S.W.1 
Telegrams: BRIDGE, MOTHER WELL 


Telegrams: MOBRICOLIM, SOUWEST, LONDON 
Telephone: MOTHER WELL 40, 41, 42 MOTHE RWELL Telephone: VICTORIA 4183 





the ‘Pulsate’ improved 


June, 1950 


spectacle type goggle 


(patented) 


Several unusual features are incorporated in this new goggle, 
the chief of which are as follows:— 


i 


The length of the sides can be adjusted to suit the 
wearer. : 


2 The lenses can be changed without removing the sides. 


There is a larger screw in the end of the reinforcing bar, 
than is commonly found on spectacles, and this makes 
for easier handling in busy works. 


The sides have been designed to ensure that the goggle 
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The bridge is made in two sizes. 


The goggle can be fitted with leather, clear or green 
cellulose acetate. sideshields. 


A detachable leather bridge apron can be supplied. 


does not slip and they are so shaped that there is no 


The spectacle can be fitted with the following types of 
pressure on or behind the ears. 


lenses:— 


- Crookes’ B.2 lenses - 
*Calorex” lenses 


“Triplex” laminated safety glass (clear, blue or green) 
lenses Flashed blue lenses 


“ Neodex” 
Bi-colour lenses 


AFETY PRODUCTS LTD 


44, HATTON GARDEN, LONDON, E.C.1 


“Protex™ lenses - 
Cellulose Acetate lenses 


Sole distributors in Great Britain for Willson Products Inc., Reading, Pa., U.S.A. 


WELDED MACHINE FRAMES 


ADVANTAGES OF WELDED CONSTRUCTION. 
Thickness under accurate control. 


Less machining needed. 
No blow-holes, hard spots or fused-in-sand to hinder machining. 


Exceptional ductility, reducing risk of failure through localized 
stress. 


Reduced weight with greater strength. 


No porosity or weakness at junction of walls, even if plates are of 
unequal thickness. 


Lower cost. 


DORMAN LONG & CO. LIMITED, 
Welding Department, 
REDCAR, YORKS. 


Telegrams : Redcoat, Telex, Middlesbrough, Telephone: Redcar 171 
London Office: 52, Grosvenor Gardens, $.W.| 


DIO) AVON eee RONG 
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ALUMINIUM 


STUD-WELDED 
A fact - 


(not wishful thinking) 


y¥c-Airc 


REG. TRACE MARK 


Standard Equipment with 
CYC-ARC Special Studs 
(NO GAS) 


NOTE :— 


Aluminium, Brass and of. course 
Steel Studs, all Welded with the one 
CYC-ARC Equipment 


27-29 NEW NORTH ROAD - 
CLErkenwell 3344/8 


LONDON, N.1 


June, 195@ 


The Regulator Man | 


Before ordering welding and cutting equipment you 
should send for Milne’s latest catalogue, It contains 
48 fully illustrated pages on which are described the 
complete range of Milne products from the well known 
* General” blowpipe, and “ Spitfire’ cutter, to the 
famous Milne oxygen and acetylene gauges. 


wy All Milne products are built with the 
ee 


C. §. MILNE & CO., LTD. 


to well proven designs. 

WORKS, OCTAVIUS ST., DEPTFORD, LONDON, 53.E.8 

TELEPHONE: TIDeway 3852/3 | TELEGRAMS: ACETYWELDO, GREEN, LONDON 
and at 168, BUCHANAN STREET, GLASGOW. 


ic 


A ‘MACHINERY MARKET? prod uction 


INCLUDED IN THE 
ANNUAL SUBSCRIPTION 
OF 42/- POST FREE 
to the 
“MACHINERY MARKET” 
Established (879 
The Commercial 
Engineering Journal 


SS 
to 


THE 1951 EDITION OF THE M.M. YEAR BOOK, AN ‘INFORM- 
ATIVE GUIDE’ FOR ALL USERS OF MACHINERY, IS NOW 
BEING PREPARED. (Published every January). 

ATTRACTIVELY BOUND LIKE THE 1950 EDITION—NOW 
SOLD OUT—THE NEW VOLUME OF SOME 650 PAGES, WILL 
PROVIDE AN EXCELLENT ADVERTISING MEDIUM. NEARLY 
200 FIRMS HAVE ALREADY TAKEN SPACE. 


A TWO-COLOUR DESCRIPTIVE FOLDER IS AVAILABLE ON: 
REQUEST. 


‘ PUBLISHERS: — 
THE “MACHINERY MARKET” LTD. 


146a QUEEN VICTORIA STREET, LONDON, E.C.4 
Tel. City 1642 (6 lines) 
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Whither Men Butt 
HhEveEd A 
OCKWEL 


WEtoiriune S 1:38.09 *:.8.0 8 


ROCKWELD LTD - COMMERCE WAY :- CROYDON: SURREY 
TELEPHONE CROVYOON: 7161 (S$ LINES 
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